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iPREFACE
The Third Symposium on Larval Fish was sponsored and hosted by
Western Kentucky University and the Department of Biology in Bowling Green,
Kentucky on February 19-21, 1979. Benefits derived by the participants
at the first two symposia, plus the continued interest in and need for
further information regarding the biology of larval fishes provided the
basis for this third conference.
To provide some direction in the development of the technical paper
program, the theme "Larval Fish Taxonomy, Life Histories, and Methodologies"
was established. This theme was generally a continuation of that of the
second conference in Knoxville, Tennessee in 1978 and felt by participants
of the third meeting to be relevant and beneficial. It was the concensus
opinion of the 1979 group that the program should be continued and the
suggestion made that salt water larval studies be encouraged and included
in future programs.
It was the intent of the host in planning the 1979 meeting to provide
a structured technical paper program in an informal atmosphere, allowing
ample time for discussion and questions and answers. Directors and
representatives of Regional Larval Fish Centers were invited to describe
and update their respective facilities and services. Provisions were
were made for several "taxonomic experts" to look at and examine specimens
in a workshop setting. Participants were charged by the host at the outset
to exchange information and ideas freely during the meeting and make
whatever requests necessary to accomplish their goals.
ii
Based on participant responses during the conference and letters
received since, the above format was considered to be a success. In
spite of inclimate weather conditions, 77 people were in attendence
representing 12 universities, 6 power companies, 5 state conservation
agencies, 2 federal agencies, and 12 environmental consulting firms.
Many people were involved in making this conference possible and
are deserving of acknowledgment. Thanks are extended to the Dean's
Office, Ogden College of Science and Technology for providing the
resources necessary for travel to and from the Nashville Airport, the
Director and Staff of the Florence Schneider Continuing Education Center,
and the Office of Public Relations of Western Kentucky University. Graduate
students Neil Fortner, Greg Kindschi, Gary Overmann, Allen Robison, Ben
Del Tito, and Dennis Webb are deserving of special thanks for their many
diverse efforts. Very special thanks go to Mr. J. R. McCurry for his
tireless efforts and patience in photographing the figures for the
proceedings. Mr. Robert Wallus, TVA, is deserving of special recognition
for the direction, assistance, and inspiration he provided in the planning
stages of the meeting. Part of the costs of printing the proceedings were
provided by Grant No. 2-303-R (PL 88-309) from the National Marine Fisheries
Service (NOAA) and the Kentucky Department of Fish and Wildlife Resources.
Lastly, thanks are extended to Western Kentucky University for the excellent
facilities and cooperation provided in planning for and hosting the meeting.
This Proceedings Document is dedicated to James R. Charles, Kentucky
Department of Fish and Wildlife Resources, whose technical and professional
assistance and encouragement made our role in its development and completion
possible.
1OBSERVATIONS ON THE LARVAL ECOLOGY OF THE SMALLMOUTH BUFFALO
Robert D. Hoyt, Gary J. Overmann and Greg A. Kinds chi
Department of Biology, Western Kentucky University
Bowling Green, Kentucky 42101
ABSTRACT
INTRODUCTION
The smallmouth buffalo, Ictiobus bubalus (Rafinesque) , is an
important freshwater commercial fish species. Ithas a widespread
geographic distribution, high reproductive potential, reaches a large
size exceeding 11 kilograms, and has a well established retail market
value. Detailed studies have been made of the life history and various
aspects of adults (Jester 1973 ,Hoyt et at, 1976) ,but its early
This study was supported by the National Marine Fisheries Service,
NOAA, and the Kentucky Department of Fish and Wildlife Resources, under
PL 88-309, Project Number 2-303-R.
Buffalo were first observed spawning in Rough Rive,*. Lake, onApril 30, 1975, at 17.5 C. Larvae. were first collected from the lake
on May 6. A total of 52 larvae was collected from the lake, from May 6 -
May 30. Egg* from a second spawn were observed on May 19, but no
larvae were collected from that spawn. Larvae were taken inall the.
upper reaches of the lake sampled. Larvae. occurred chiefly on the surface
at night. Growth averaged 1.6 mm per week with larvae. being 5.1 to 9.1
mm total length. Buffalo larvae. disappeared first from shallow water
areas. larval densities were highest at the, start of the spawn anddecreased thereafter. Densities averaged 0.257 fish/1OO m . Based on
densities observed in the. study, larval recruitment at 10 mm length
totaled approximately 320,000 fish for the entire lake. Forty-five
of the larvae, taken were pro-larvae, while 7 were early postlarvae.developmental patterns were similar to that reported in the literature.
Food itmes , including rotifers and copepod nauplii, were observed in
the stomachs of two postlarvae.
2larval and juvenile biology remains essentially unknown.
The objectives of this study were to determine the time of occurrence,
distribution, density, food habits and early growth patterns of larval and
juvenile smallmouth buffalo in Rough River Lake, Kentucky.
STUDY AREA
Rough River Lake is a small U.S. Army Corps of Engineers impoundment
in the Green River watershed in west-central Kentucky (Figure 1) . One
permanent collecting station was established on the South Fork of the
Rough River, 300 meters upstream from the mouth of Peter Cave Creek. This
station was approximately 200 meters in length and was divided into 7 tow
or net pull zones. Four tows were at the surface, 1 each along the
shoreline, and 1 each one-third the width of the lake from each bank.
Two tows were made along the floodplain bottom, approximately 6 meters in
depth, 1 on each side of the river bed, while the last tow was made along
the bottom of the river channel, or approximately 10 meters in depth.
Additional surface and bottom samples were taken weekly from the
upper reaches of the lake in Peter Cave Creek and weekly surface samples
were taken alternately from lake areas upstream and downstream from the
main collecting station.
METHODS AND MATERIALS
Attempts to collect larval and juvenile smallmouth buffalo from Rough
River Lake were made from November 4 to December 16, 1977, and from March
29 to August 31, 1978. Larval fishes were sampled with conical plankton
nets 3 meters long with a 1-meter diameter circular mouth. Net mesh size
was 0.8 mm. The net bridle consisted of a ring of 9.5-mm diameter
3Figure
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4stainless steel rod tied inside the net mouth and three 1.3-meter lengths
of nylon rope tied equidistantly around the net mouth and connected
together in front of the net mouth. A 7.62-cm diameter, 35.6-cm long
PCV collecting bottle was attached to the cod end of the net. A digital
flowmeter suspended in the center of the net mouth determined the volume
of water filtered. Nets were towed at approximately 0.5 m/s for 7 minutes
and filtered approximately 250 m of water.
Collections were made twice weekly from March 29, 19 78 through May 26,
1978. One collection was made during daylight and one during dark periods.
A day and night collection was taken once weekly from May 30 through
August 31, 1978. Net tows were made on the surface by attaching a
styrofoam block to the bridle ring, while bottom pulls were made with
the aid of a 15 kg depressor. Specimens were washed from the net bottle
into sampling jars and fixed in a 5% formalin solution.
Larvae were sorted using a dissecting microscope and identified with
keys by May and Gasaway (1967), Nelson and Cole (1975), and Hogue nt al.
(1976) . Specimens that could not be identified with the use of keys were
sent to the Tennessee Valley Authority Larval Fish Laboratory in Norris,
Tennessee. Larval drawings were made with a camera lucida mounted on a
dissecting microscope.
Juvenile fishes were collected with a 4.9-m semi -balloon trawl with
3.8-cm mesh and 0.3 - 0.6-m otter boards. The trawl was pulled behind a
4.9-m boat powered with a 50-hp outboard. Surface tows were made by
floating the otter boards with styrofoam floats, while bottom pulls
were made by the normal action of the otter boards.
5RESULTS
Spawning - Buffalo reproductive activity was first observed on April 30,
1978, when buffalo and carp were seen spawning along the banks of Peter
Cave Creek. While both smallmouth and black buffalo were present in the
lake, the spawning fish and their offspring were considered to be
smallmouth buffalo on the basis of a known 25:1, adult smallmouth to black
ratio in Rough River Lake. Activity was observed along the entire bank
but was most intense along undercut banks where fine roots entered the
water, in shoreline vegetation, and in and among fallen limbs and debris.
Surface water temperature at the time of this observation was 17.5 C,
while the bottom temperature was 14 C.
Egg samples were taken from several areas of the bank during this
spawning activity and returned to the laboratory for incubation. Following
this spawn, colder air temperatures lowered the water temperature to 16 C
on May 3 and 6. By May 11, the water temperature had increased to 19 C
and buffalo and carp eggs were again observed on May 19 at 25 C. This
second evidence of spawning was again along shoreline areas but of much
less magnitude than on April 30.
Appearance of Larvae - Twelve newly-hatched buffalo larvae were collected
in the lake on May 6, 1978, apparent products of the April 30 spawn. These
larvae were collected near the surface all along Peter Cave Creek and in
the collecting station on the South Fork. The last larva to be collected
was taken on May 30, 1978. As far as could be determined by total body
lengths, no buffalo larvae from the May 19 spawn were collected.
Distribution - A total of 52 buffalo larvae were collected from the Lake
during the study from May 6 through May 30, 1978. Thirteen were collected
6from Peter Cave Creek, 38 from the collecting station on the South Fork,
and 1 from a mile upstream from the station (Table 1). Forty-seven of
the specimens taken were collected at the surface, while 28 of these
were taken at the surface at night (Table 1). Larvae disappeared first
from the shallower Peter Cave Creek and upstream lake reaches and then
from the deeper main stream station (Table 1). Larvae collected showed
no preference for shoreline areas over open water zones, 28 and 24
individuals, respectively (Table 2). Slightly more larvae were taken
in night samples than day, 32 and 20, respectively (Table 2).
Density - The density of smallmouth buffalo captured per 100 cubic
meters (m ) of water sampled was greatest in night samples in the main
body of the lake, 0.509 fish/100 m3,m3, followed by Peter Cave Creek, 0.288,
and the upstream area, 0.100 (Table 3). At the collecting station,
densities were much higher in night than day samples, 0.509 and 0.071,
respectively (Table 3) . Densities were greatest during the first two
weeks of buffalo appearance, 0.419 and 0.498, and decreased progressively
to May 30 when the density reached 0.022 fish/100 m . The average
density of smallmouth buffalo larvae observed in this study was 0.257
3fish/100 m . This density, when related to the lake capacity in number
of cubic meters (123,152,640), indicated that approximately 320,000
smallmouth buffalo larvae survived hatching and early development to
reach 10 mm total length.
Growth and Development - The first buffalo larvae collected on May 6
were newly-hatched specimens averaging 5.11 mm total length. By May 11,
larvae averaged 7.17 mm, 7.42 mm on May 16, 9.1 on May 23, and 8 mm
(1 individual) on May 30. No larvae were collected in the lake after
May 30, or longer than 9.1 mm. Prolarvae dominated the samples with 45
7Table 1. Number of larval buffalo collected from the South Fork Station,
upstream area and Peter Cave Creek in daylight, dark, surface and bottom
samples .
Table 2. Number of larval buffalo taken in shoreline versus open water
samples in day and night samples on Rough River Lake, Kentucky.
1691611TOTAL
1May 30
1May 23
8271May 16
7584May 11
210May 6
Day NightNightDay
Open WaterShoreline
0130142815TOTAL
1May 30
1May 23
11142May 16
221312May 11
111May 6
BsBSBSBS
DayDayNightDay
CreekCavePeterstreamForkSouth
8Table 3. Number of larval buffalo collected per 100 cubic meters of
lake water sampled at the South Fork Station, upstream area, and Peter
Cave Creek in day and night samples.
specimens while 7 early postlarvae were taken
Larvae raised in the laboratory at 19 C grew at a slightly faster
rate than lake specimens early in development (6.86 mm on May 8, 7.5 on
May 10, and 7.55 on May 13) and at a slightly slower rate later in
development, 7.95 mm on May 23. Similarly, pro- and postlarvae
developmental stages were accelerated in laboratory fish (first postlarvae
observed at 7.1 mm and last prolarvae at 7.2 mm) over field specimens
(first postlarvae at 7.6 mm and last prolarvae at 7.9 mm).
Average myomere counts for laboratory-raised versus field specimens
were similar, 7.9 and 8.22 postanals, and 27.3 and 27 preanals, respectively
Although buffalo larvae were raised in the laboratory to a length of 60 mm
by October 15, 1978, no specimens between 11 and 21 mm were preserved.
Buffalo larvae were first observed in laboratory aquaria on May 8, eight
days after being spawned in Rough River Lake and two days later than
0.2570.2880.1000.5090.071TOTAL
0.0220.000.000.0610.00May 30
*
0.0230.000.000.0620.00May 23
0.3990.000.2270.8900.122May 16
0.4980.2430.001.1110.163May 11
0.4190.9390.000.000.059May 6
DayDayNightDay
TotalCreekCaveeterstreamForkSouth
9lake larvae were observed. Aquaria temperatures were held constant at
19 C throughout the summer months. The most obvious early larval feature
of the buffalo was the bi-lobed, linear yolk sac which maintained this
shape to approximately 7mm length (Figure 2). Pigmentation was lightly
spread over the dorsum of the head at 6.5 mm and became increasingly
intense doraally such that by 11 mm, the body dorsad the lateral midline
was covered with large pigmented blocks reaching posteriorally to just
behind the dorsal fin (Figures 3 and 4) . The air bladder first appeared
at 7.6 mm, accompanying the development of the gut in lake specimens,
and at 7.1 mm for laboratory-reared individuals. Fin ray elements were
first observed in the ventral caudal fin and pectoral fins at 8.0 mm.
Gill filaments appeared at 6.5 mm. The dorsal fin outline formed in the
dorsal fin fold at 9.7 mm and the anal fin outline at 11 mm. The median
fin fold between the dorsal and caudal fin and ventral ly from the caudal
fin to the pelvic fins persisted as a shallow ridge until 22 mm. By
25 mm, squamation was complete and the juvenile stage was attained.
Food Habits - Two of the seven early postlarvae taken had food items in
the gut. One 8.5 mm specimen taken on May 16 contained one rotifer,
Keratella sp. , and 2 copepod nauplii while a 9.1 mm larva collected on
May 23 had 1 rotifer. In both specimens, the gut contents also included
additional food material and/or detritus that could not be identified.
Juvenile Buffalo - No juvenile buffalo were taken in the study by the
use of plankton nets or mid-water trawl gear.
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Figure 1. Developmental stages of larval buffalo, 5.0 to 6.5 mm total
length, from Rough River Lake, Kentucky, May 1978.
11
Figure 2. Developmental stages of larval buffalo, 7.2 to 8.0 mm total
length from Rough River Lake, Kentucky, May 1978.
12
Figure 3. Developmental stages of young buffalo, 9.1 to 25.8 mm total
length, from Rough River Lake, Kentucky, May 1978.
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DISCUSSION
The onset of spawning activity by smal lmouth buffalo in Rough River
Late at 17.5 C water temperature conformed to the 15-23 C range reported
for the species by Hoyt oX at, (1976) . However, the development of a
cold front immediately following this spawning, and the subsequent
lowering of the water temperature to 16 C four days later, could easily
have increased the mortality during the egg stage, partially explaining
the low number of buffalo larvae (52) observed in the study. In any
case, spawning activity was altered and evidence of buffalo spawning
was not noted again until 3 weeks later. The absence of prolarvae in
samples following the May 19 spawn could not be explained.
Newly-hatched specimens were collected in the lake approximately
140 hours after the first observed spawning. These first specimens were
collected at 16 C and may well have been hatched as early as 24-hours
before capture. Eggs placed in laboratory aquaria did not hatch until
170 hours at 19 C. Wrenn and Grinstead (1971) reported smal lmouth buffalo
hatching to be completed at 108 hours at 22 C. Additional sources
reported buffalo hatching to range from 24 hours at 23 C (Guidice 1964)
and between 130-140 hours at 21 C (Heard 1958).
Spawning habitat observed in this study, in shoreline roots and
vegetation and on submerged debris, was similar to that reported in the
summary of Jester (1973). However, Padilla (1972) and Jester's (1973)
report of buffalo spawning over all substrate types on the bottom to
6 meters deep were not evidenced by larval collections in this study.
The distribution of buffalo larvae in Rough River Lake in Peter
Cave Creek, the South Fork Station, and one mile upstream indicated
that the spawn occurred throughout the upper lake reaches. No
14
literature sources were available regarding the distribution of the
species after hatching. It should be emphasized that, while the majority
of specimens taken in this study were surface inhabitants, and that most
open water surface individuals were taken at night, the total number of
larvae taken was too low to use in defining strata preferences for the
species.
The low density of buffalo larvae observed in this study appeared to
be the result of undescribed behavioral patterns of the species early in
the life cycle. Martin oX at. (1964) and Hoyt <lt at, (1976) have both
reported the species to represent sedentary, secretive populations for the
first 2 years of life. In this study, larvae were taken throughout the
sampling area up to total lengths of 9 mm. The absence of specimens larger
than this might have been a function of the fish changing from endogenous
to exogenous foods at this developmental stage and their movement into
shoreline, inundated vegetated areas to feed. These shallow, obstructed
areas precluded normal sampling procedures. After feeding in these areas
for 3-4 weeks, their increased size and locomotor capabilities further
prevented their capture. The size and developmental stages of the larvae
taken in this study conformed to the above hypothesis.
The extent and success of the 1978 buffalo spawn in Rough River Lake
was considered to be normal in spite of the low number of larvae observed.
Conner (LSU, personal communication) has suggested a positive relationship
between lake stage hydrography and reproductive success, the higher the
water level above normal, the greater the inundated, vegetated "nursery
areas". Although normal water levels were present, the amount and quality
of substrate in Rough River Lake in 1978 was sufficient for spawning as
observed.
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The absence of food in 5 of the 7 postlarvae was most likely
a function of the changing from yolk stores to foreign food sources
rather than the absence of available food in the lake. Although no
food data were collected from the lake to identify the availability
of food organisms, larval crappie stomach contents analyzed in this
study indicated the main food items to be copepods and cladocerans,
implying an adequate food supply in the lake. McComish (1964) reported
Age Group 0 buffalo to contain 99% copepods and cladocerans in their
diet.
Average densities of buffalo larvae, as observed, when applied to
the total lake volume, ifused to predict the size of the young-of-the-
year group, provided a very low 320,000 individuals less than 10 mm
total length. These data, if even close to being reasonably accurate,
describe a weak future year class.
Growth of buffalo larvae in the lake and laboratory in this study
generally agreed with that of Wrenn and Grinstead (1971) . Developmental
features were likewise similar and no marked variations were noted.
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IDENTIFICATION OF LARVAL SUNFISHES (CENTRARCHIDAE,ELASSOMATID E)
FROM SOUTHERN LOUISIANA
John V. Conner
School of Forestry and Wildlife Management
Louisiana State University
Baton Rouge, Louisiana 70803
ABSTRACT
Confident separation and Identification of wild-caught larval and
early juvenile sunfishes remains difficult despite the availabiZity of
an extensive literature. Some, of the classically "diagnostic" characters{ok generic. separation of larval sunfishes [e.g., gut architecture, gas
bladder morphology , myomere counts, pigment) exhibit extreme valuation
and overlap in material southern Louisiana. Using combinations of
these features however
,
it is possible, to recognize the, following genera.
within certain intervals of development: Pomoxis , Centrarchus , Lepomis[including Chaenobryttus , Micropterus , and Elassoma. Previously
undescribed laxrae of the flier (Centrarchus macropterus) axe, superficially
similar to those of crappies [Pomoxis spp.) , but are distinguished from
the latter — at least in early mesolarval and later phases — by
proportionally larger eyes and gas bladders. Insofar as confirmedidentifications allow, it appears that the morphology of larval Lepomis
spp. reflects the phylo genetic groups as currently appreciated by students
of adult systematics. For example, the green sunfish and its relatives[L. cyanellus ,L. symmetrlcus , L. gulosus) tend to be more similar to one
another than they are to representatives of the longear, redear, andbluegill groups. For certain taxa oft confirmed identity, pronounceddeferences are noted between wild-caught and lab-reared specimens. The
latter tend to be larger, more robust, and more heavily pigmented at
comparable stages than wild-caught material. Relative abundances of
larval sunfishes as evidenced by conventional ichthyo plankton sampling
may not always reflect adult densities in a given environment. The
extensive variation and overlap in morphology of larval sunfishesindicates a need {or more emphasis on the comparative approach in
preparing descriptions.
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INTRODUCTION
The purpose of this paper is to summarize the "state of the art" with
respect to identification of larval sunfishes from southern Louisiana. A
review of the descriptive literature may give the impression that these
fishes are fairly well known (Table 1). Of the 16 native sunfish taxa
occurring in southern Louisiana, for example, nine have been characterized
throughout most of their larval development by illustrations and/or
narrative descriptions. Three more are illustrated as juveniles and only
four are completely undescribed in any of their immature phases. The
latter are all members of the genus Lepomis and two of these {humilis,
symmertricus are more or less confined to the central and south-central
United States, where relatively few larval fish investigations have been
reported.
With the exception of the four obscure Lepomis spp., therefore, the
larval sunfishes should be relatively easy to sort and identify. But the
available literature still does not afford reliable taxonomic discriminations,
sometimes even at the generic level.
There are several possible explanations for these problems. Many
southern Louisiana water bodies have sunfish faunas that are somewhat
richer than those for which most larval fish keys and/or manuals have been
published. Much of my sampling activity is concentrated in non -pelagic
situations where Iencounter taxa and/or developmental stages that are
rare in open -water plankton communities. Because much of the material
comes from relatively turbid water it tends to be somewhat less pigmented
than the lab-reared or clear-water specimens upon which most keys and
19
Table 1. Descriptive/ comparative literature relevent to larval and early juvenile sunfishes of southern Louisiana (E=eggs;P=protolarvae; MS-mesolarvae ; MT=metalarvae ; J=juveniles, after Snyder 1976).
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descriptions are based.
Sunfish larvae are encountered over a fairly protracted period of
the year (March through October) in some southern Louisiana environments.
Certain taxa (especially some Lepomis spp.) tend to spawn through most of
the spring and summer, so that their eggs and larvae are exposed to a wide
variety of water-quality conditions (e.g. , temperature) . Substantial
morphological variation is to be expected among such fishes (Barlow 1961) .
Sunfish (especially Lepomis spp.) have a proclivity for natural
hybridization (Hubbs 1955) . Inasmuch as several hybrid combinations have
been found as adults in southern Louisiana (e.g. ,Guillory 1974, Saul
1974), it is reasonable to suppose that hybrid larvae might be encountered.
MATERIALS AND METHODS
About a thousand larval and early juvenile sunfish were critically
examined and compared with respect to several meristic and morphometric
features. Many additional specimens were checked for consistency of
binary or unquantifiable characters such as pigment patterns, gut
architecture, or size at the achievement of developmental "milestones".
Allof the material used for compilation of the underlying descriptive
and comparative information was wild-caught from a variety of riverine,
floodplain swamp, backwater, and lake environments in southern Louisiana,
mainly in the lower Mississippi Drainage. Identifications were based
primarily on the process of "back-tracking" from recognizable juveniles,
although in the case of certain fairly distinctive taxa, determinations
were based on literature descriptions (e.g., warmouth, pygmy sunfish).
Lab-reared series of four Lepomis spp. (longear, redbreast, bluegill,
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redear sunfishes) were also consulted.
The wild-caught material was initially fixed in 10 percent formalin
and later transferred to 3-5 percent buffered formalin. All specimens were
unstained. The material is housed, and willultimately be formally
cataloged, in the Louisiana State University Fisheries Collections, which
are administered under the School of Forestry and Wildlife Management.
Measurements were made to the nearest 0.1 mm with an ocular micrometer
mounted in a stereo-zoom dissecting microscope, according to criteria
established in Hardy (1978). Specimens which could not be straightened
with the aid of a coverglass were excluded from the morphometric analyses.
Unless otherwise indicated, all specimen sizes referred to are total
lengths (TL).
Myomere counts were made according to Siefert (1969) . No difference
was found in counts made with polarized versus non-polarized light, but
discrimination of the first and last few segments was easier using the
former. Incomplete myomeres were not included, which presumably accounts
for the tendency of the numbers to increase from earlier to later
developmental phases. Other meristic determinations (e.g., fin rays) were
made according to Hubbs and Lagler (1964) .
Terminology for developmental phases generally follows Snyder (1976) .
However, the most useful application of this system for sunfishes involves
subdivision at varying hierarchical levels. That is, for description and
comparison, the following phases, subphases, or combinations of phases
seem most appropriate:
1) protolarvae (P) - as per Snyder (1976) ;
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2) early mesolarvae (EMS) - specimens with at least one complete
caudal ray but fewer than the adult complement of principal
caudal rays; and
3) late mesolarvae through early juveniles (MS/J) - specimens
with adult complements of principal caudal rays (17 or 18 in
centrarchids, 14 or 15 in elassomatids) .
It should be noted that the wild-caught protolarvae used in this study
did not include recently-hatched individuals with large yolk masses. Many
protolarval (and early mesolarval, in the case of one Lepomis "type")
specimens had vestigial yolk but they all had at least partially developed
jaws and thus were presumably capable of using exogenous food sources. In
other words, this study relates exclusively to so-called "swim-up" stage
and older fish.
Illustrations are based on camera lucida tracings and are diagrammatic
in the sense that several specimens were consulted for details of pigmentation
at the stage in question. Moreover, the eyes are not shaded to facilitate
emphasis of other features. All sunfish specimens at the stages treated
here have heavily-pigmented eyes. Excepting those of Centrarchus macropterus
(Figure 1), the illustrations are presented in a comparative format. Each
drawing is accompanied by an indication of the size of the particular
specimen traced and, parenthetically, the total length range through which
representatives of the taxon or "type" resemble the illustration.
RESULTS AND DISCUSSION
Sunfish larvae are superficially similar to those of other regional
freshwater percoids, but they are readily distinguished from temperate
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Figure 1. Three larval stages of the flier, Centrarchus macropterus ,
from southern Louisiana.
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basses (Morone spp.) and the freshwater drum (Aplodinotus grunnniens by-
having more than 26 (27-36) total myomeres. Most larvae of the family
Percidae have at least 40 total myomeres, but a few darters of the genus
Etheostoma have myomere totals that overlap the high end of the sunfish
range. Except as very recently-hatched protolarvae, however, the sunfishes
have prominent gas bladders whereas this structure is absent in darters.
Recently-hatched protolarvae of sunfishes may or may not have prominent oil
globules in the yolk but ifpresent they are not confined to the anterior
third of the yolk mass. From the literature and southern Louisiana
material examined to date, it seems that darter larvae consistently possess
a prominent oil globule in the anterior third of the yolk mass.
Identification of Genera
The wild-caught sunfish larvae and early juveniles used in this study
are referable to five genera, in accordance with the classification used
in Special Publication No. 6 of the American Fisheries Society (1970) :
Pomoxis; Centrarchus ; Lepomis (including Chaenobryttus ; Micropterus;and
Elassoma. Larvae and early juveniles of our local rockbass, Ambloplites
ariommus , are not represented in LSU fisheries collections, but on the
basis of their close phylogenetic affinities, it is reasonable to expect
that they will strongly resemble the specimens of A. rupestris illustrated
by Hogue et at. (1976: plates 12.0, 12.1).
Three recent publications (Anjard 1974, Hogue et at. 1976, Hardy 1978)
provide useful descriptive and comparative information for the recognition
of sunfish genera. However, these references contain certain inconsistencies
and/or omissions that limit their reliability outside the geographic areas
for which they were prepared. Gut shape and length; gas bladder position
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and size; myomere counts; and certain aspects of pigmentation are the chief
characters used for generic comparisons. For each of these characters,
sufficient variation and/or overlap is evident among our material to warrent
a brief discussion.
Gut Morphology - Preanal lengths expressed as percent of total length
tend to be quite variable, even within a given developmental phase of a
particular taxon (Table 2) . Protolarvae of Elassoma and Pomoxis (presumably
also Centrarchus) most often have preanal lengths less than 41 percent of
TL, whereas the mode for this proportion in Lepomis and Micropterus lies
well above 41 percent. In the range of proportional preanal lengths from
38 through 42 percent of TL, there is at least some overlap for protolarvae
of all genera except Micropterus . For early mesolarvae and later phases,
generic separation by preanal lengths becomes more reliable (again at CO..
the level of 41 percent of TL),but note that as of the EMS subphase,
Elassoma observations fall in the range exhibited by lepomines (Lepomis ,
Micropterus) . Late mesolarval through early juvenile Micropterus tend to
be fairly distinctive in having preanal lengths greater than 50 percent of
TL, with overlap apparent only at the upper extreme for one "type" of Lepomis
As noted by Anjard (1974) and Hardy (1978), Micropterus is readily
distinguished from Lepomis and Pomoxis by its thicker, massively coiled gut
(Figures 2,3). Similar gut architecture is manifest in Elassoma and this
feature, along with its robust head and trunk, relatively large eye, and
anteriorly-placed gas bladder, results in strong superficial resemblance
to protolarval and early mesolarval Micropterus. But there are pronounced
differences between Elassoma and Micropterus in overall size and
pigmentation at comparable stages (Figures 2, 3).
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Table 2. Frequency distribution of preanal lengths expressed as percent of total length for larval and early juvenile sunfishesfrom southern Louisiana (P=protolarvae; EMS=early mesolarvae; MS/J=late mesolarvae through early juveniles; see textfor definition of intervals) .
MS/J 2132EMSEMS
2241PP
Elassoma zonatum (pygmy sunfish) 35558422121EMSMS/J
134322
Micropterus spp. (black basses)
P
38
7
2314
1516
6
7
5
11
1
1
1041
Lepomis "B" (bluegill "type"?)PEMSMS/J
11
1
3
2
2
9
11 1324
2112
23
42
5
9
18
1
4
9
1
3P EMSMS/J
Lepomis macrochirus (bluegill) 2 1165213 9227 13 52010 28 13
Lepomis "A" (redear "type"?)PEMSMS/J
478
2
3
3
2
2
1
1
5
1
71PEMSMS/J
Green sunfish "types" 11632
1EMSMS/J
P
Centrarchus macropterus (flier) 123 614 818 811 35EMSMS/J 5193066255
Pomoxls spp. (crappies)
P
Pomoxls spp. (crappies)
P 5 25 66 30 19 5EMSMS/J 5 11 3 18 8 14 8 3 6 2 1Centrarchus macropterus (flier)PEMSMS/J 1 2 3 6 1 1Green sunfish "types"
PEMSMS/J
1 7 5
1
2
1
1
3
2
2
3 8 7 4Lepomis "A" (redear "type"?)PEMSMS/J 3 8 1 2010 2 27 13 5 13 92 652 2 11Lepomis macrochirus (bluegill)
P EMSMS/J
3 9
1
18
1
4
42
5
9
2112
23
11 1324
2
2
9
1
1
3
1
Lepomis "B" (bluegill "type"?)PEMSMS/J 1 4 1110 7511 1516 6 2314 87 3Micropterus spp. (black basses)
P 2 2 3 4 3 1EMSMS/J 1 2 1 22 4 8 5 5 5 3Elassoma zonatum (pygmy sunfish)PP 1 4 2 2EMSEMS 2 3 1 2MS/J
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Figure 2. Representative sunfish protolarvae from southern Louisiana.
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Figure 3. Representative sunfish early mesolarvae from southern Louisiana
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Extreme variation is evident in the gut shape of protolarval and
early mesolarval Lepomis spp. (Figures 2, 3). This may be of some value
in discriminating among the Lepomis *'types" (see below) ,but it tends to
confound the distinction of some specimens from Pomoxis on the basis of
the comparative summaries prepared by Anjard (1974) and paraphrased by
Hardy (1978) . The difficulty arises especially when one is confronted
with examples of Lepomis which have relatively short, anteriorly-coiled
guts in samples which lack similar-sized Pomoxis for comparison.
Gas Bladder Morphology - Once the gas bladder is clearly defined
(i.e., in all but the most recently-hatched individuals) its position
relative to the vent and other parts of the gut is perhaps more reliable
than any other single character for the generic separation of sunfish in
the protolarval and mesolarval phases. In larvae with massively coiled
guts -~ that is, Mircropterus and Elassoma among ours (and, evidently from
the literature, Ambloplites and Enneacanthus) -- the gas bladder is confined
to the area above and anterior to the gut coils (Figures 2, 3). In all
other P and EMS sunfishes, the gas bladder encroaches to some extent upon
the space behind the section where coiling exists or is developing. As
suggested by the literature, there is a strong tendency for the gas bladder
of centrarchines (Pomoxis, Centrarchus) to extend posteriorly to or beyond
the level of the anus, whereas in Lepomis it consistently terminates well
in advance of the anus (Figures 1--3) . In many of our very small crappies
(less than 5.5 mm TL),however, the bladder fails to reach or even approach
the anus (Figure 2) .
Myomere Counts - Preanal, postanal, and total myomere counts afford
some discrimination when certain phases of particular taxa or "types" are
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compared, but extensive overlap tends to confound unqualified separation
of genera (Table 3) . Counts for Lepomis specimens omitted from the table
(i.e. , the poorly represented warmouth and longear "types") all fall
within the ranges recorded for the genus.
The geographically most relevant key to larval centrarchid genera
(Hogue itat, 1976) relies heavily on myomere counts. Implicit in its
basic dichotomy for "postlarvae" (sensu Hubbs 1943) is the separation of
Micropterus from all other centrarchids on the basis of 14 or more preanal
myomeres. Using this couplet we would have misidentified roughly 5 percent
of our Pomoxis, 32 percent of our collective Lepomis {cr. 66 percent of
Lepomis "B"), and 15 percent of our Micropterus . The TVA manual also
separates Pomoxis and Lipomis on the basis of 18 or more postanal myomeres
in the former. About 8 percent of our Lepomis have 18 postanal myomeres.
Note, however, that our Pomoxsis t end to have 19 or more (usually 20+)
postanal myomeres prior to attainment of "complete" caudal fins and thus
do not infringe upon the range exhibited by southern Louisiana Lepomis
examined to date. The information compiled by Taubert (1977: Table 2)
indicates a possible source of confusion -- namely, L, gulosus with 19
postanals -- but considering the preanal values reported (10 or 11) ,it
seems unlikely that the warmouth counts were made in accordance with the
procedure recommended by Siefert (1969). Indeed, our L, gulosus larvae
examined to date have 12 or 13 preanal and 16-18 postanal myomeres.
Pigment - Many wild-caught Lepomis larvae with incomplete caudal fins
from southern Louisiana do not exhibit the "supra-anal melanophore" cited
as typical of the genus by Anjard (1974) and Hardy (1978). Its presence
is limited to representatives of certain taxa or "types" (see below) , and
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Table 3. Frequency distribution of myomere counts for larval and early juvenile sunfishes from southern Louisiana (P=protolarvae; EMS=early mesolarvae;MS/J=late mesolarvae through juveniles; see text for definition of intervals).
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within these it is seldom consistently present throughout large samples.
There is a definite tendency for the supra-anal melanophore to be more
prevalent among specimens from clear or less-turbid waters. Indeed, there
is a tendency for more prominent pigmentation in general among clear-water
sunfish larvae as opposed to those from muddier riverine or swamp
environments. Certain aspects of pigmentation are nevertheless useful
in distinguishing some sunfish taxa or types (see underlying keys and
discussion of Lepomis) .
The five genera treated here are separable using essentially the
same "classical" characters as the aforementioned publications ifkeys are
derived for more narrow developmental intervals than those associated with
presence or absence of yolk (prolarvae versus postlarvae) . However, the
reader should note that the following keys are complete only for the taxa
and developmental phases available to this study.
Generic Key to Sunfish Protolarvae
la. Gut massively coiled; gas bladder confined to area above
and anterior to gut coils 2
lb. Gut uncoiled or, if coiled, gas bladder encroaches on
space posterior to gut coils 3
2a. Larvae very small, (3.5-6.3 mm TL) and profusely
pigmented with melanophores all over head and body. . . .
Elassoma (Figure 2)
2b. Larvae typically larger (5.5-8.0 mm TL) and sparsely
pigmented or with melanophores concentrated on dorsum
(mainly on head) and ventrum, widely scattered behind
trunk Micropterus (Figure 2)
33
3a. Postanal myomeres 14-18 Lepomis (Figure 2)
3b. Postanal myomeres 19 or more .... Pomoxis and Centrarchus
(Figure 2) see text for probable separation of centrarchine
genera) .
Generic Key to Sunfish Early Meso larvae
la. Gut massively coiled; gas bladder confined to area above
and anterior to gut coils 2
lb. Gut uncoiled or, if coiled, gas bladder encroaches on
space posterior to gut coils 3
2a. Larvae smaller (6.0-8.0 mm TL) and profusely pigmented
with melanophores all over head and body Elassoma (Figure 3)
2b. Larvae larger (8.0 mm or longer TL) with pigment concentrated
on dorsum and ventrum, widely scattered behind trunk . .
Micropterus (Figure 3)
3a. Postanal myomeres 14-18; gas bladder terminates well in
advance of anus or, if approaching anus, specimens
shorter than 8.0 mm TL Lepomis (Figure 3)
3b. Postanal myomeres 19 or more; gas bladder extends
posteriorly to, or beyond level of anus
Pomoxis, and Centrarchus
(Figures 1 and 3; see text for probable separation of
centrarchine genera) .
Generic Key to Sunfish Larvae with "Complete" Caudal Fins
la. Caudal fin emarginate or truncate, comprised of 17 or more
principal rays 2
lb. Caudal fin rounded, comprised of 16 or fewer principal
rays Elassoma (Figures 4 and 5)
2a. Postanal myomeres 18 or more 3
2b. Postanal myomeres 17 or fewer 4
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3a. In specimens shorter than 12.0 mm TL, eye diameter
conspicuously greater than snout length (greater than
1.7 times snout length); in specimens 12.0 mm TL or
longer dorsal spines number 10 or more .Cebtrarchus (Figure 1)
3b. In specimens shorter than 12.0 mm TL, eye diameter
subequal to or only slightly greater than snout length
(less than 1.5 times snout length); in specimens
12.0 mm TL or longer dorsal spines number 8 or fewer
Pomoxis (Figures 4 and 5)
4a. Larvae larger (11.5-16.0 mm TL); dark mid-lateral band of
pigment well developed Micropterus (Figures 4 and 5)
4b. Larvae smaller (6.5-13.0 mm TL);no dark mid-lateral band
(although some may have mid-lateral streak or row of
melanophores simulating a series of dots or dashes . . .
Lepomis (Figures 4 and 5)
The material at hand does not allow confident separation of Pomoxis
and Centrarchus protolarvae and mesolarvae. However, it seems highly
probable that the pronounced difference in eye size will extend down
through these phases. As a matter of practical consideration it should be
noted that flier larvae may seldom, if ever, be encountered through
conventional ichthyoplankton sampling procedures. We have towed or pushed
plankton nets in a variety of water bodies known to contain Centrarchus
populations and have yet to capture a single flier larva. The small series
of Centrarchus specimens available to this study was obtained by dipnetting
in very shallow littoral vegetation beds.
Intrageneric Identifications
Considering the difficulties noted above for recognition of sunfish
genera, it is not surprising that precise species -level identifications are
largely impossible at the current state of the art. Thesis research by
Mark F. Chatry at LSU may ultimately lead to recognition of diagnostic
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Figure 4. Representative sunfish mesolarvae with "complete" caudal fins
from southern Louisiana.
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Figure 5. Representative sunfish metalarvae/early juveniles from
southern Louisiana.
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characters for black and white crappie larvae from southern Louisiana.
Although the meristic trends identified by Siefert (1969) are evident in
our Pomoxis , there are certain inconsistencies and variations of details.
In any case, Siefert noted that the reliability of his myomere count
differences breaks down with specimens shorter than 7 mm TL and, unfortunately,
most of the crappie larvae we take in plankton samples fall into this small
size group. Ramsey and Smitherman (1972) illustrated pigmentary differences
between juvenile Micropterus salmoides and M. punctualatus ,but no detailed
descriptive information is available on larvae of the latter. Taber
(1969:28) noted that largemouth and spotted bass longer than 15 mm could
be separated on the basis of "body conformation and pigmentation patterns"
but did not describe the differences.
Separation of Lepomis spp. - The Lepomis larvae used in this study
are separable into a few more or less distinctive morphological types.
Developmental series of some of these types are sufficiently complete to
afford confident identification (e.g., bluegill) or at least to indicate
that they probably represent individual species (albeit of uncertain
identity, such as types "A" and "B"). Representation for the other types
is inadequate for confident determination of identity or even conspecificity.
As indicated in the introduction, there is a fairly extensive literature
on the descriptive morphology of larval Lepomis spp. (Table 1). Aside from
those pertaining to L. macrochirus , L. gulosus , and L. megalotis (as a
"type"),however, the literature descriptions seem not to apply with much
reliability to any of our unidentified forms. Several explanations are
plausible and Isuspect that there is some truth in each. First, it could
be that some or all of our unidentified types will ultimately prove to be
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larvae of the four hitherto undescribed Lepomis
—
namely, humilis,
marginatus , punctatus, and symmetricus. Also, infraspecific variation
may be so extreme that descriptions based on localized populations are of
limited relevance to wild-caught material from other regions. The tendency
for rearing and studying series "one at a time" leads to a general lack of
a comparative approach in preparing descriptions, which may limit the
observers appreciation for salient differences and or similarities among
taxa. The last is a reflection of very real logistical constraints, which
also tend to limit the researchers ability to obtain sample sizes that
are sufficient to reveal the extent of variation in a taxon. Finally, in
some taxa, lab-reared material may be so different from wild specimens
that their relationship is scarcely apparent.
There is at least some tendency for our recognizable types of Lepomis
larvae to follow the major phylogenetic lines as currently appreciated by
students of adult systematics. Four basic groups of Lepomis are
recognized (Branson and Moore, 1962) :
1) green sunfish group - including cyanellus symmetricus . and
(probably) gulosus;
2) longear sunfish group - including megalotis ,marginatus , and
auritus;
3) redear sunfish group - including microlophus , gibbosus, and
punctatus ; and
4) bluegill group - including macro chirus and humilis
The groups are listed in their apparent sequence of evolutionary
divergence (sensu Branson and Moore 1962) as representatives of morphological
levels of organization. That is, the green sunfish group supposedly
represents the basal, generalized stock that gave rise to remaining
lepomines. The longear and its close relatives seem to represent a level
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of organization derived directly from that of the green sunfish complex,
whereas the redear and bluegill groups appear to constitute branches off
the longear line. Within each of the last three groups there is a relatively
generalized, geographically (and ecologically) übiquitous taxon from which
the other group members seem to have been derived -- namely, L. megalotis ,
L. micolophus , and L. macrochirus. The bantam sunfish (L. symmetricus)
is almost certainly a specialized derivative of L. cyanellus ,but the
precise nature of the relationship between warmouth and green sunfish
remains to be determined.
If larval morphology does "track" the phylogenetic relationships
within and between taxonomic groups, it follows that members of a particular
assemblage will be more similar to each other than to those of other
groups. It is also reasonable to expect that there may be morphological
continua (generalized to derived) for some characters which would allow
recognition of organizational levels ("character states") that are
representative of particular taxonomic groups.
Insofar as our developmental series of Lepomis afford accurate
identification or at least strong suggestion of affinities, the above
expectations are confirmed. For example, I,symmetricus ,known by working
backward from recognizable juveniles down through at least part of the EMS
subphase, are more similar to confirmed or highly probable L. cyanellus
and I.gulosus than they are to any other taxa or "types". In the lab-
reared material soon to be described by Bruce Yeager of TVA, there is
strong resemblance between L. megalotis and L. auritus, as indeed is
evident upon close scrutiny of the published descriptions of these forms
(Taber 1969, Anjard 1974, Hardy 1978, Buynak and Mohr 1978). That our
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larval L. macro chirus and other recognizable but unidentified "types" are
distinct from the aforementioned groups and more or less similar to one
another is consistent with the above hypothesis.
After carrying identifications as far as possible with the literature,
lab-reared series, and wild-caught samples at hand, Iam able to recognize
the following taxa or hypothetical "types".
Green sunfish "types" - Considering the widespread occurrence and
abundance of their adults in our area, we probably have at least some
larval examples of all three members of the green sunfish group. Once the
yolk is mostly or entirely exhausted, the protolarvae and early mesolarvae
referable to this type are characterized by relatively short preanal
lengths (modal ly well under 45 percent of TL) and tend to have the lowest
modal preanal myomere counts of our Lepo mis. (Tables 2 and 3). Compared
to other Lepomis ,our P and EMS green sunfish types tend to have
proportionally deeper heads (Table 4) and more extensive and prominent
pigment, particularly in the head and trunk regions (Figures 2 and 3). At
least in part (L. symmetricus? ), they tend to be slightly smaller than
other Lepomis at comparable stages. As regards specimens with more or
less complete caudal fins, Iam not sure ifnot all of our MS/J specimens
of this type seem indistinguishable from those of the one confirmed series
of L. symmetricus . In any case, the published illustrations of MS/J
L. gulosus and L. cyanellus (e.g., Larimore 1957: Figures 14e and f, Meyer
1970: Figure 5, Taubert 1977: Figure 2b, see also Hardy 1978) are more
similar to our unidentified "green" types and L. symmetricus (Figures 4
and 5) than to those of other taxa. Salient features of these older larvae
include generally more profuse pigmentation than other Lepomis;especially
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Table 4. Frequency distribution of head depths expressed as percent of total length for larvaland early juvenile Lepomis spp. from southern Louisiana (P = protolarvae; EMS = early mesolarvae;MS/J = late mesolarvae through early juveniles; see text for definition of intervals) .
132MS/J 36491EMS
151619P
UpOTdU "B" (bluegill "type"?) 391713121MS/J 7102161EMS
12348242P
Lzpomlb macA.ocJvin.aii (bluegill) 3351MS/J 2421111EMS 110253211P
LzpomU "A" (redear "type"?) 298241312MS/J
1135EMS 3593P
Green sunfish "types"
2423222120191817161514131211Percent :thLenHead Depth/ TotalHead Depth/ Total Len :thPercent 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Green sunfish "types"
P 3 9 5 3EMS 5 3 1 1MS/J 2 1 3 1 4 2 8 9 2LzpomU "A" (redear "type"?)
P 11 32 25 10 1EMS 1 11 21 4 2MS/J 1 5 3 3Lzpomlb macA.ocJvin.aii (bluegill)
P 2 24 48 23 1EMS 1 6 21 10 7MS/J 1 12 13 17 9 3UpOTdU "B" (bluegill "type"?)
P 19 16 5 1EMS 1 9 4 6 3MS/J 2 3 1
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well -developed head pigmentation (particularly in the cheek and postorbital
areas) ;a characteristic mid-lateral streak of melanophores which often
simulates a regularly-spaced series of "dashes*"; and a tendency toward
smaller size at comparable stages than other taxa or types.
Longear sunfish "types" - Naturally reproducing populations of L.
auritus are as yet not established in our area, although extensive
introductions have been made in neighboring regions. Itis thus likely
that our representatives of this type are all I,megalotis and/or L.
marginatus . The longear type appears to be characterized by a lack of a
free-swimming protolarval phase -- that is, they appear first in our
collections as early mesolarvae (the smallest of which usually having remnants
of yolk). This observation is consistent with those of the literature (e.g.,
Taber 1969). Longear type larvae are extremely rare in our collections,
which leads me to conclude that even as "free -swimming" individuals they
may be much more nest-bound or at least much less prone to venture into
pelagic areas than any of the other Lepomis. The few specimens we have are
essentially like those of L. megalotis described and illustrated in the
literature (Taber 1969: Figure 15, Hardy 1978: Figures 135-137). They are
more robust and exhibit more pronounced thickening and coiling of the foregut
at comparable stages than other Lepomis (Figures 3 and 4). No wild-caught
metalarvae or early juveniles of the longear type are available from our
study area.
Bluegill "types" - Sufficient wild-caught material is at hand to
recognize L. macrochirus through all phases except perhaps the very earliest
yolk-bearing protolarvae. A second form, which Icall Lepomis "B", is
more similar in many respects to the bluegill than to any other taxon or
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"type". If this similarity does reflect phylogenetic affinity, then it
is very likely that "B" will ultimately prove to be L. humilis.
Bluegill types are characterized by retarded thickening and coiling
of the foregut. In our material, most L. macrochirus have an essentially
uncoiled gut until very late in the EMS subphase and Lepomis "B" generally
does not have a complete coil in the foregut until well after the full
complement of principal caudal rays is attained. Protolarval and early
mesolarval bluegill types also tend to have proportionally smaller eyes;
greater preanal lengths (Table 2) ; more preanal myomeres (Table 3);and
smaller, more posteriorly-placed gas bladders than other Lepomis (especially
green and longear types). Also, prior to caudal fin "completion", bluegill
types are markedly larger at comparable stages than green or longear types
(Figures 2 and 3). As late mesolarvae through early juveniles, the bluegill
types tend to become much less distinctive, particularly with respect to
meristics and morphome tries. The later bluegill types are best distinguished
from other Lepomis by certain details of pigmentation. For example, if a
mid-lateral streak of "dash"-like melanophores develops at all (occasionally
in L.macrochirus ; almost never in Lepomis "B") it tends to be much less
prominent than in the green sunfish types and is usually confined to the
caudal peduncle. From about 9.5 mm TL onward, Lepomis "B" has dark pigment
concentrated in the vertical intermuscular septum of the lower part of the
caudal peduncle. Viewed from below this pigment creates the impression of
a darkened underside of the caudal peduncle. Other Lepomis spp. (especially
very late mesolarvae-juveniles) may develop dark pigment on the underside
of the caudal peduncle but it is always superficial (integumentary) as
opposed to extending up into the intermuscular septum. Prior to the
appearance of juvenile coloration (vertical bars narrower than the interspaces)
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no completely diagnostic characters are apparent for the MS/J L, macrochirus
examined to date. As a matter of practical consideration, however, itmay
be noted that, in our study area at least, L.macrochirus is by far the
most frequently occurring and abundant Lepomis encountered in conventional
plankton samples (as MS/J specimens) , regardless of the type of water-body
involved. The only other MS/J Lepomis that is relatively common and
abundant in plankton collections is "B", which is easily recognized by the
pigment differences noted above.
Lepomis"A" - At least one other unidentified type is recognizable
among our wild-caught specimens. Lepomis "A" larvae seem to represent a
single species, but they are very difficult to diagnose because they are
essentially intermediate with respect to bluegill types and green sunfish
types (insofar as the latter are known). In meristics and pigmentation,
Lepomis "A" larvae are closer to the bluegill types (especially L.
macrochirus proper) ,but in respect to morphome tries and gut/gas bladder
architecture they tend to resemble the green sunfish types as herein
understood. Of the resident Lepomis spp. which are as yet unaccounted for
as larvae, Lepomis "A" is most similar, at least at earlier stages, to
TVA lab-reared specimens of L. microlophus. The resemblance is too slight
for confirmation of identity, but it does suggest a strong possibility
that Lepomis "A" represents an hypothetical ly-expected "redear type". That
is, itmight prove to be either L. microlophus or the closely related
spotted sunfish, L. punctatus.
Protolarvae and early mesolarvae of Lepomis "A" are most easily
distinguished from our green and longear sunfish types (as well as the
published descriptions of L. cyanellus) by a virtual absence of pigment
in the head region (Figures 2 and 3) . Lepomis "A" differs from protolarval
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and early mesolarval bluegill types in having a relatively thickened
(usually coiled) foregut and a more anteriorly-placed gas bladder. Specimens
of Lepomis "A" at comparable stages also tend to be smaller; have larger
eyes; and have deeper, more robust heads (Table 4) than bluegill types.
Lepomis "A" larvae with "complete" caudal fins are extremely difficult to
recognize unless they are directly compared to similar-sized examples of
the other taxa or types. At comparable sizes, Lepomis "A" MS/J specimens
tend to be less strongly pigmented than the green and longear types
(Figures 4 and 5). They lack the pigment concentrations in the ventral
intermuscular septum of the caudal peduncle as described for Lepomis "B".
In contrast to L. macrochirus the MS/J specimens of Lepomis "A" exhibit
retarded development of pigmentation in the interradial membranes of the
soft anal and dorsal fins. Once most of the rays are ossified in the soft
anal and dorsal fins of MS/J bluegills there tend to be at least a few
(usually several) prominent melanophores scattered through the interradial
membranes, and this "speckling" increases with development of the fish until
many specimens have well-defined bands crossing the fins near their midpoints
Lepomis "A" MS/J specimens tend to have virtually immaculate soft anal and
dorsal fins until very late in the metalarval phase or beyond. When pigment
does develop it tends to be in the form of very tiny melanophores distributed
along the rays, giving an overall "dusky" appearance to the fins as opposed
to speckling or banding.
Notwithstanding the fact that the above taxa or types are recognizable
among our wild-caught material it should be emphasized that a great deal
of additional study is required before we can account for, and adequately
characterize, all larval and early juvenile phases of most of our resident
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Lepomis spp. The present state of the art is synoptical ly summarized
below:
Lepomis gulosus - has been tentatively distinguished as protolarvae
on the basis of strong similarity to published photographs
(Larimore 1957: Figures 14 b and c) ; EMS and MS/J specimens seem
to be absent from our collections, but it is possible that they
are represented among some of the unidentified "green sunfish types"
L. cyanellus - may be represented among our unidentified "green sunfish
types".
L. symmetricus - has been distinguished from EMS specimens with nearly
"complete" caudal fins up through early juveniles; it is also
highly probable that the protolarvae and recently-transformed
EMS specimens illustrated as "green sunfish types" (Figures 2 and
3) are symmetricus (the latter are almost certainly not L. gulosus
and they differ in several respects from the published descriptions
of L. cyaneMuA) .
L. Megalotis/L marginatus - recognizable as a "type" only, from a few
early and late mesolarvae.
L, microlohus/L. punctatus - one or the other of these species (probably
the former) may be represented by what Icall Lepomis "A", which
is recognizable from protolarval through metalarval phases.
L. macrochirus - recognizable from protolarval through early juvenile
phases.
L. humilis - probably represented by Lepomis "B", which is known from
protolarval through early juvenile phases; rationale is based
largely on the process of elimination and the superficial similarity
to the bluegill.
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Lab-Reared Versus Wild-Caught Specimens
In comparing specimens reared in captivity with those of confirmed
identity from field samples (e.g. ,bluegill and "longear types") Inoticed
some rather striking differences. Of course, the lab-reared material
available to this study represents different genetic stocks and the
physico-chemical conditions of their captivity may have been quite
different from those of southern Louisiana wild-caught material. That
certain morphological differences would occur is thus to be expected, but
at least some general mention of the observed discrepancies seems relevant.
The lab-reared specimens were consistently larger and more robust at
comparable developmental stages, prior to the juvenile phase, than any of
the wild-caught fish. The impression is created that the lab-reared
individuals represent "healthier" fish. Inasmuch as the captive larvae
are held under more or less ideal conditions with no food competitors
other than their own siblings this might be expected. The possibility also
exists that our field sampling methods tend to be selective for the weaker
individuals in the populations.
The lab-reared specimens were much more heavily pigmented than any of
the wild-caught fish, including even those which came from relatively clear
water. Some of the wild-caught specimens were examined in a very fresh
condition -- that is, within hours after initial fixation
--
so that the
differences are probably not entirely attributable to conditions and
duration of storage. The supposedly diagnostic (for 7-9 mm specimens)
"supra-anal melanophore" was consistently evident in the lab-reared
material while, as noted above, its occurrence was highly variable among
wild-caught specimens.
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Correlation of Larval and Adult Abundances
We have found that relative abundances of larval and early juvenile
sunfishes, at least as reflected by conventional ichthyop lank ton sampling
methods, do not necessarily reflect adult densities in a given environment.
This may be contrasted with the findings of Dorr <lt at. (1976) , who showed
that, in terms of percentage of total catch, there was close agreement
between larval and adult species composition in a part of Lake Michigan.
It appears that early life-history phases of the different sunfish
taxa vary considerably with respect to their vulnerability to ichthyop lankton
sampling gear. For example, in one floodplain swamp environment that we
routinely sample warmouth and largemouth bass adults rank among the top
five centrarchids in terms of both overall catches/effort and mark/recapture
density estimates, but their larvae are very poorly represented in plankton
samples. Both longear and dollar sunfish are relatively common and abundant
as adults in this swamp but as yet no "longear type" larvae have been
encountered. On the other hand, the larval form referred to as Lapomti* "B"
ranks second to the bluegill in frequency of occurrence and relative
abundance in plankton samples. The most probable identity of "B" is
L. kunrUUj>, a species which is seldom encountered as adults in the swamp.
CONCLUSIONS AND RECOMMENDATIONS
One of the more striking recurrent themes of the above results is the
extreme morphological variation exhibited by many taxa both within and
between environments. Considering that the wild-caught material all came
from a relatively limited geographic area, one is forced to conclude that
many traditional characters that have been used to "diagnose" sunfish
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taxa are very environmentally plastic. The essentially typological approach
used in much of the descriptive literature may thus lead to its diminished
reliability for practical purposes of identification.
Notwithstanding the urgency for preparation and dissemination of
descriptive information and the logistical constraints on obtaining
representative samples, it is recommended that more emphasis be placed on
the comparative approach in the future. This study is an attempt at such
an approach. Similar studies in other geographic areas will facilitate
the ultimate compilation of comparative information that may have general
application. For the time being, at any rate, it appears that larval
sunfishes will have to be "learned" on almost a fauna-by-fauna basis.
ACKNOWLEDGMENTS
This study was supported in part by Gulf States Utilities Company
and the U.S. Army Corps of Engineers Waterways Experiment Station through
contracts with Louisiana State University and the Louisiana Cooperative
Fishery Research Unit, respectively. Many past and present faculty
members and students of the fisheries section, LSU School of Forestry and
Wildlife Management, participated in field work related to this study.
Special thanks are due to Robert P. Gallagher, Mark F. Chatry, Gary D.
Hutton, and H. Dale Hall for sample -picking and other laboratory assistance,
as well as hours of stimulating discussion. Iam also indebted to Bruce
Yeager of the Tennessee Valley Authority's larval fish laboratory, who
provided lab-reared material.
The manuscript was reviewed entirely or in part by Frank M. Truesdale
and some of the above-named students, but Iassume full responsibility for
50
opinions, errors, and omissions. The typescript was prepared by C&rol
Fleeger.
LITERATURE CITED
Anjard, C. A. 1974. Centrarchidae -- Sunfishes. pp. 178-195 IM A. J.
Lippson and R. L. Moran (eds.). Manual for identification of early-
developmental stages of fishes of the Potomac River estuary. Environ.
Technol. Center, Martin Marietta Corp., Baltimore, Maryland.
Barlow, G. W. 1961. Causes and significance of morphological variation
in fishes. Syst. Zool. 10:105-117.
Branson, B. A., and G. A. Moore. 1962. The lateralis components of the
acoustico-lateralis system in the sunfish family Centrarchidae.
Copeia 1962:1-108.
Buynak, G. L,, and H. W. Mohr, Jr. 1978. Larval development of the
redbreast sunfish (Lepomis auritus) from the Susquehanna River.
Trans. Am. Fish. Soc. 107:600-604.
Carr, M. H. 1942. The breeding habits, embryology, and larval development
of the largemouthed black bass in Florida. Proc. New England Zool.
Club 20:43-77.
Carver, D. M. 1976. Early life history of the bluegill, Lepomis macrochirus ,
Univ. Maryland CEES, Chesapeake Biol. Lab. Ref. 76-40, 8 p.
Champion, M. J., and G. S. Whitt. 1976. Differential gene expression in
multilocus isozyme systems of the developing green sunfish. J. Exp.
Zool. 196:263-281.
Chew, R. L. 1974. Early life history of the Florida largemouth bass
Fla. Game and Freshw. Fish. Comm. , Fish. Bull. No. 7, 76 p.
Childers, W. F. 1967. Hybridization of four species of sunfishes
(Centrarchidae). 111. Nat. Hist. Surv. Bull. 29:1-214.
Conley, J. M., and A. Witt. 1966. The origin and development of scales in
the flier, Centrarchus macropterus (Lacepede) . Trans. Am. Fish. Soc.
95:433-434.
Dorr, J. A., 111, D. J. Jude, F. J. Tesar, and N. J. Thurber. 1976.
Identification of larval fishes taken from the inshore waters of
southeastern Lake Michigan near the Donald C. Cook Nuclear Plant, 1973-
1975. pp. 61-82 IN J. Boreman (ed.). Great Lakes fish egg and larval
identification. Off. Biol. Serv. ,U.S. FishWild1. Serv.
51
Faber, D. J. 1963. Larval fish from the pelagial region of two Wisconsin
lakes. Unpubl. Ph.D. dissert., Univ. Wisconsin, Madison, x + 122 p.
Fowler, H. W. 1935. Notes on South Carolina freshwater fishes. Contrib.
Charleston Mus. 7, 28 p.
1945. A study of the fishes of the southern Piedmont and coastal
plain. Monogr. Acad. Nat. Sci. Phila. 7, vii+ 408 p.
Guillory, V. A. 1974. Distribution and abundance of fishes in Thompson
Creek and lower Mississippi River, Louisiana. Unpubl. M.S. thesis,
La. State Univ., Baton Rouge, ix + 97 p.
Hardy, J. D., Jr. 1978. Development of fishes of the Mid-Atlantic Bight,
an atlas of egg, larval, and juvenile stages. Volume 111.
Aphredoderidae through Rachycentridae. U.S. Dept. Int., Fish Wildl.
Serv., Biol. Serv. Progr. FWS/OBS-78/12, 394 p.
Hogue, J. J., Jr., R. Wallus, and L. K. Kay. 1976. Preliminary guide to
the identification of larval fishes in the Tennessee River. Tech.
Note 819, Tennessee Valley Authority, Norris, Tennessee. 67 p.
Hubbs, C. L. 1943. Terminology of early stages of fishes. Copeia 1943:
260.
1955. Hybridization between fish species in nature. Syst. Zool.
4:1-20.
, and K. F. Lagler. 1964. Fishes of the Great Lakes Region. Univ.
Michigan Press, Ann Arbor, 213 p.
Kramer, R. H., and L. L. Smith, Jr. 1962. Formation of year classes in
largemouth bass. Trans. Am. Fish. Soc. 91:29-33.
Larimore, R. W. 1957. Ecological life history of the warmouth (Centrarchidae)
111. Nat. Hist. Surv. Bull. 27:1-83.
May, E. 8., and C. R. Gasaway. 1967. A preliminary key to the identification
of larval fishes of Oklahoma, with particular reference to Canton
Reservoir, including a selected bibliography. Okla. Fish. Res. Lab.
Bull. No. 5, ii+ 33 p.
Metee, M. F., Jr. 1974. A study on the reproductive behavior, embryology,
and larval development of the pygmy sunfishes of the genus Elasoma.
Unpubl. Ph.D. dissert., Univ. Alabama, Tuscaloosa, ix + 130 p.
Meyer, F. A. 1970. Development of some larval centrarchids. Progr.
Fish-Cult. 32:131-136.
52
Morgan, G. D. 1951. The life history of the bluegill sunfish, Lepomis
macrochirus ,of Buckeye Lake, Ohio. J. Sci. Lab., Denison Univ.
42:21-59.
1954. The life history of the white crappie (Pomoxis annularis)
of Buckeye Lake, Ohio. J. Sci. Lab., Denison Univ. 43:113-144.
Ransey, J. S., and R. 0. Smitherman. 1972. Development of color pattern
in pond-reared young of five Micropterus species of southeastern U.S.
Proc. 25th Ann. Conf. S.E. Assoc. Game and Fish Commrs. (1971) :348-356.
Reighard, J. E. 1906. The breeding habits, development, and propagation
of the black bass {MicAoptQJuxA dolomieui Lacepede and Micropterus
salmoides Lacepede). Mich. Fish. Comm. Bull. 7, 73 p.
Saul, G. E. 1974. Ichthyofaunal investigation of the Tickfaw River
drainage basin. Unpubl. M.S. thesis, La. State Univ., Baton Rouge,
vi + 53 p.
Siefert, R. E. 1965. Early scale development in the white crappie. Trans.
Am. Fish. Soc. 94:182.
1969. Characteristics for separation of white and black crappie
larvae. Trans. Am. Fish. Soc. 98:326-328.
Snyder, D. E. 1976. Terminologies for intervals of larval fish development
pp. 41-58 IN J. Boreman (cd.). Great Lakes fish egg and larval
identification. Off. Biol. Serv. ,U.S. Fish Wildl. Serv.
Taber, C. A. 1969. The distribution and identification of larval fishes
in the Buncombe Creek area of Lake Texoma, with observations on
spawning habits and relative abundance. Unpubl. Ph.D. thesis, Univ.
Okla., Norman. 120 p.
Taubert, B. D. 1977. Early morphological development of the green sunfish,
Lepomis cyanellus , and its separation from other larval Lepomis species
Trans. Am. Fish. Soc. 106:445-448.
Ward, H. C., and E. M. Leonard. 1952. Order of appearance of scales in
the black crappie, Pomoxis nigromaculatus . Proc. Okla. Acad. Sci.
33:138-140.
Werner, R. G. 1966. Ecology and movements of bluegill sunfish in a
small northern Indiana Lake. Unpubl. Ph.D. thesis, Indiana Univ.,
Bloomington, iv + 74 p.
53
MYOMERE AND VERTEBRA COUNTS OF THE
NORTH AMERICAN CYPRINIDS AND CATOSTOMIDS
Darrel E. Snyder
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Fort Collins, Colorado 80523
ABSTRACT
Myomere count*,which axe. valuable, -in larval fish ldentification ,have. been reported for only about 20% of the Nonth American cyprinids
and catostomids . Since there is a nearly distinct correlation between
total myomeres and total vertebrae,the latter, which are, known for.
many more species, can be used to approximate the former. The range
of total verterbra and/ ok myomere counts for 70 cyprinid species, 1%
to 51, is larger and essentially include that for 27 catostomids ,
32 to 52. Preanal and postanal myomere counts ranged from 19 to 31
and 10 [9?) to respectively , for cypronids and 25 to 42 and 5 (3?)
to 12 (14?) for castostomids . The two families can be readily distinguishedby the proportion of postanal to preanal myomeres, about 1/2 or greater for
cyprinids and 1/3 on. less for catostomids , or preanal to total myomeres ,
about 2/3 or less for cyprinids and 3/4 or more for catostomids . The
genera of each family are chararacterized by distinctive ranges of total
myomeres or vertebrae which can be used to help determine the identity
of unknown cypriniform larvae.
INTRODUCTION
Myomere counts are important in larval fish taxonomy, but they have
been reported for only about 20% of North America's approximately 260
species of minnows (Cyprinidae) and suckers (Catostomidae) . However,
myomeres are directly associated with vertebrae and vertebra counts have
been reported for most species. The purpose of this paper is to summarize
myomere and/or vertebra counts for many cyprinids and catostomids and to
compare and characterize these counts for the two families.
54
METHODS
Literature was surveyed extensively, but by no means completely, for
records of total vertebrae and total, preanal, and postanal myomere counts.
These counts were supplemented with unpublished data from several researchers
Vertebra counts were either assumed or adjusted to include the Weberian
ossicles. Preanal and postanal myomere counts were either assumed or
adjusted to conform with Seifert's (1969) method, i.e. all entire myomeres
posterior to the posterior margin of the vent were considered postanal and
the remainder preanal. Adjustment depended on the availability of reasonably
accurate drawings from which revised counts were made. Some myomere counts
were verified with personal reference specimens. A few highly unlikely
counts or extremes were disregarded. Percentages or proportions of preanal
to total and postanal to preanal myomeres were calculated using the median
values of the typical ranges for each species. Total vertebrae (or myomeres
when vertebra counts were not found) for all genera considered were
summarized in range intervals of uniform size (e.g. 35-40 and 40-45) .
RESULTS AND DISCUSSION
Extreme ranges for total myomeres were entirely included in the extreme
ranges for vertebrae or vice versa in about 70% of the cases and at least
partially overlapped in 90% of the cases for which both ranges were
available (Table 1). Considering the paucity of data for some species and
the probability of inaccurate data, there appears to be sufficient evidence
to support the generalization that there is a nearly direct, one to one,
correlation between total myomeres and total vertebrae, Weberian ossicles
included. Accordingly, total vertebrae can be used with reasonable
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Table 1. Typical myomere and vertebra counts for selected cyprinid and catostomid fishes. Reportedor observed ranges, excluding unlikely extremes, are given in parentheses. Sources, coded by letters,are keyed below with the year of publication or, if the data used is unpublished, with an asterisk.Preanal and postanal myomere counts were either assumed or adjusted to conform with Seifert's (1969)method. Some counts were determined from drawings. Vertebra counts were either assumed or adjustedto include the Weberian ossicles.
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1. continued.
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Table 1. continued.
_
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_
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Table 1. continued.
. • __i
48 (47-48) AC48-50 (47-51)C(14-17)15-17Ptychocheilus lucius 31-35 c 40 (39-41) wPlagopterus argentissimus 34-37 GG
12-14Pimephales vigilax 21-23 G z36-37 (35-38)eCD35-37 (34-38)ekCD(11-15)12-14ekCDPimephales promelas 22-24 (20-25)
37-39 zH34-37 etcetC12-14Pimephales notatus 22-24 etc 37-39 zPhoxinus neogaeus
37 (35-38) zPhoxinus eos 36 (34-37) z34 C14 CNotropis voulcellus 20 C 35 (33-38) GG12-15
Notropis venustus 2 3 (20-24) G 35-36 zNotropis umbratilis 35
(33-36) z33-35 CC12-13Notropis stramineus 20-23 C 37-39 zECDE36-38 (35-40)ktCDE(11-15)13-15ktCDENotropis spilopterus 22-24 (22-25) 39 (37-41) zH39 etet13-14
Notropis rubellus 26-27 et 35-37 oNotropis proserpinus
35 (34-36) oNotropis panarcys yCG33-36 (32-37)yCG(11-15)12-14yCGNotropis luterensis 20-23 (19-23)
qszl37-38 (35-40)eqC37-38 (36-40)eqC(12-18?)13-16eqstCNotropis hudsonius 23-25 (22-25) VertebraeTotalomeresM-TotalMyomeresPostanalMyomeresP re analSpeciesSpecies P re anal Myomeres Postanal Myomeres Total M- omeres Total VertebraeNotropis hudsonius 23-25 (22-25) eqstC 13-16 (12-18?) eqC 37-38 (36-40) eqC 37-38 (35-40) qszlNotropis luterensis 20-23 (19-23) yCG 12-14 (11-15) yCG 33-36 (32-37) yCGNotropis panarcys 35 (34-36) oNotropis proserpinus 35-37 oNotropis rubellus 26-27 et 13-14 et 39 et 39 (37-41) zHNotropis spilopterus 22-24 (22-25) ktCDE 13-15 (11-15) ktCDE 36-38 (35-40) CDE 37-39 zENotropis stramineus 20-23 C 12-13 C 33-35 C 35 (33-36) zNotropis umbratilis 35-36 zNotropis venustus 2 3 (20-24) G 12-15 G 35 (33-38) GNotropis voulcellus 20 C 14 C 34 C 36 (34-37) zPhoxinus eos 37 (35-38) zPhoxinus neogaeus 37-39 zPimephales notatus 22-24 etc 12-14 etC 34-37 etc 37-39 zHPimephales promelas 22-24 (20-25) ekCD 12-14 (11-15) ekCD 35-37 (34-38) eCD 36-37 (35-38) zPimephales vigilax 21-23 G 12-14 G 34-37 GPlagopterus argentissimus 40 (39-41) wPtychocheilus lucius 31-35 c 15-17 (14-17) C 48-50 (47-51) C 48 (47-48) A
. • __i
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Table 1. continued.
46-49 (45-51) BCatostomus clarki 45-47 zi(44-50)46-488-9 (5-12) ii(36-40)Catostomus catostomus 37-38 J
(33-38)33-377-9 (6-11) JJ(25-29)Carpiodes velifer 26-27 38 (37-40) fjszefjqC(32?-41)37-408-9 (5-10) fjqsCfjqsC(26-32)Carpiodes cyp rinus 27-31
38 C8cCarpiodes carpio 30 C"Catostomidae: 38-39Tinca tinea
39-40 (38-40) zSemotilus margarita 42-43 (41-44) qz46 t17 t$>motUUd& corpralis 29 t
41-43 (39-44) zeC39-4214-15 eCeCSemotilus atromaculatus 25-26 38-43 zrC38-41)14-16 (13-17) rCrC(23-26)Richardsonius balteatus 23-25 37-38 zpC(34-39)37-3913-15 CCRhinichthys osculus 24-25
38-40 zRhinichtkys {><ilccitui> 38-40 (37-42) zet(37-41)40-4114-15 eteght(24-27)Rhinichthys cataracteae 25-27
38-39 (37-40) zt38-3915-16 tght(22-26)Rhinichthys atratulus 24-25 45-46 (44-46) FPtychicheilus oregonensis
VertebraeTotalomeres:•:TotalMyomeresPostanalMyomeresPreanalSpeciesSpecies Preanal Myomeres Postanal Myomeres Total :•: omeres Total VertebraePtychicheilus oregonensis 45-46 (44-46) FRhinichthys atratulus 24-25 (22-26) ght 15-16 t 38-39 t 38-39 (37-40) zRhinichthys cataracteae 25-27 (24-27) eght 14-15 et 40-41 (37-41) et 38-40 (37-42) zRhinichtkys {><ilccitui> 38-40 zRhinichthys osculus 24-25 C 13-15 C 37-39 (34-39) pC 37-38 zRichardsonius balteatus 23-25 (23-26) rC 14-16 (13-17) rC 38-41) rC 38-43 zSemotilus atromaculatus 25-26 eC 14-15 eC 39-42 eC 41-43 (39-44) z$>motUUd& corpralis 29 t 17 t 46 t 42-43 (41-44) qzSemotilus margarita 39-40 (38-40) zTinca tinea 38-39Catostomidae: Carpiodes carpio 30 C" 8c 38 CCarpiodes cyp rinus 27-31 (26-32) fjqsC 8-9 (5-10) fjqsC 37-40 (32?-41) efjqC 38 (37-40) fjszCarpiodes velifer 26-27 (25-29) J 7-9 (6-11) J 33-37 (33-38) JCatostomus catostomus 37-38 (36-40) i 8-9 (5-12) i 46-48 (44-50) i 45-47 zCatostomus clarki 46-49 (45-51) B
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Table 1. continued.
_ _
40 z42-43 c11 c31 cMoxostoma anisurum 43-44 zkIU6-8 (3-9) (-14?)kIU33-35 (30-35)Minytrema melanops
36-37 z37 C7 C30 CIctiobus cyprinellus 33 X8 X25 XIctiobus bubalus
42-45 zaef41-47 (39-49)7-9 (3-11) aefaef34-38 (33-40)Hypentelium nigricans 35-36 zErimyzon sucetta a,
ft39-41 (38-42)8-10 (7-10) ftft30-31 (30-33)EfilmyzoYi oblongub N43-44 (42-46)42+? N9? N33? NCatostomus santaanae
B43-44 (42-46)Catostomus plebius zB44-47 (42-48)Catostomus playrhynchus 47-49 Z
Catostomus macrocheilus C48-49 (48-50)10-11 C38-39 CCatostomus latipinnis v45-46 (44-48)41?-44? v9-10? v32?-34? vCatostomus £uur\QA.v&ntut>
B45-49 (43-50)47-48 C9-11 C37-38 C -:Catostomus discobolus 44-48 qzHefqC44-47 (41-52)8-9 (5-11) efqCefqC36-39 (33?-42)Catostomus commersoni zB46-49 (43-51)
Catostomus columbianus VertebraeTotalTotal MyomeresomeresPostanalMyomeresPreanalSpeciesSpecies Preanal Myomeres Postanal omeres Total Myomeres Total VertebraeCatostomus columbianus 46-49 (43-51) zBCatostomus commersoni 36-39 (33?-42) efqC 8-9 (5-11) efqC 44-47 (41-52) efqC 44-48 qzHCatostomus discobolus 37-38 C -: 9-11 C 47-48 C 45-49 (43-50) BCatostomus £uur\QA.v&ntut> 32?-34? v 9-10? v 41?-44? v 45-46 (44-48) vCatostomus latipinnis 38-39 C 10-11 C 48-49 (48-50) CCatostomus macrocheilus 47-49 ZCatostomus playrhynchus 44-47 (42-48) zBCatostomus plebius 43-44 (42-46) BCatostomus santaanae 33? N 9? N 42+? N 43-44 (42-46) NEfilmyzoYi oblongub 30-31 (30-33) ft 8-10 (7-10) ft 39-41 (38-42) ft
a,Erimyzon sucetta 35-36 zHypentelium nigricans 34-38 (33-40) aef 7-9 (3-11) aef 41-47 (39-49) aef 42-45 zIctiobus bubalus 25 X 8 X 33 XIctiobus cyprinellus 30 C 7 C 37 C 36-37 zMinytrema melanops 33-35 (30-35) kIU 6-8 (3-9) (-14?) kIU 43-44 zMoxostoma anisurum 31 c 11 c 42-43 c 40 z
_ _
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Table 1. continued.
Young*, I=White 1977, J=Wiltz*, K=Wrenn and Grinstead 1969, L=Zicari*, M=Swi£t 1965, N=Greenfield dt at. 1971966, C=Snyder*, D=Snyder tt at. 1977, E=Stone 1940, F=Suttkas and Clemmer 19 77, G=Taber 1969, H=Werner andw=Miller and Hubbs 1960, x=Moore 1944, y=Saksena 1962, z=Scott and Crossman 1973, A=Seethaler 1978, B=Smith
q=Jones oX at. 1978, r=Lentsch*, s=Lippson and Moran 1974, t=Loos e£ at.* , u=Miller 1963, v=Miller 1973,l=Hogue and Buchanan 1977, m=Holden and Stalnaker 1970, n=Hubbs 1922, o=Hubbs and Miller 1978, p=Hu£zinger*,g=Fuiman and Loos
1977, h=Fuiman and Loos 1978, i=Fuiman and Witman*, j=Gerlach 1973, k=Hogue e£ at. 1976,Sources: a=Buynak and Mohr 1978, b=Buynak and Mohr*, d=Ehrenbaum 1909, e=Fish 1932, £=Fuiman 1978,
42-44 zMoxoAtoma vato.ncA.&nnoJi'i qzH42 (41-44)bftC(38-45)41-45bftC(5-9)6-8bftC(30-39)MoxoAtoma machjoZ2.pi.do turn 32-37 43 zIhoxo&toma. hvhbi.
40 zi(39-45)41-42i(6-9)7-8i(31-37)MoxoAtoma ih.Ljtknuh.im 33-35 43 zWoxohtoma dur[U2An.2A, 42 z
Moxo&toma QjOJiuiatum VertebraeTotalMyomeresTotalMyomeresPostanalMyomeresPreanalSpeciesSpecies Preanal Myomeres Postanal Myomeres Total Myomeres Total VertebraeMoxo&toma QjOJiuiatum 42 zWoxohtoma dur[U2An.2A, 43 zMoxoAtoma ih.Ljtknuh.im 33-35 (31-37) i 7-8 (6-9) i 41-42 (39-45) i 40 zIhoxo&toma. hvhbi. 43 zMoxoAtoma machjoZ2.pi.do turn 32-37 (30-39) bftC 6-8 (5-9) bftC 41-45 (38-45) bftC 42 (41-44) qzHMoxoAtoma vato.ncA.&nnoJi'i 42-44 z
Sources: a=Buynak and Mohr 1978, b=Buynak and Mohr*, d=Ehrenbaum 1909, e=Fish 1932, £=Fuiman 1978,g=Fuiman and Loos 1977, h=Fuiman and Loos 1978, i=Fuiman and Witman*, j=Gerlach 1973, k=Hogue e£ at. 1976,l=Hogue and Buchanan 1977, m=Holden and Stalnaker 1970, n=Hubbs 1922, o=Hubbs and Miller 1978, p=Hu£zinger*,q=Jones oX at. 1978, r=Lentsch*, s=Lippson and Moran 1974, t=Loos e£ at.* , u=Miller 1963, v=Miller 1973,w=Miller and Hubbs 1960, x=Moore 1944, y=Saksena 1962, z=Scott and Crossman 1973, A=Seethaler 1978, B=Smith1966, C=Snyder*, D=Snyder tt at. 1977, E=Stone 1940, F=Suttkas and Clemmer 19 77, G=Taber 1969, H=Werner andYoung*, I=White 1977, J=Wiltz*, K=Wrenn and Grinstead 1969, L=Zicari*, M=Swi£t 1965, N=Greenfield dt at. 197
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confidence to approximate total myomeres
Some variation in myomere counts is attributable to differences in
techniques, difficulty in discerning the most anterior and posterior
myomeres, and the specific stages from which the counts were determined.
With respect to the latter, relative vent position may change somewhat
during larval and early juvenile development, and the most posterior
myomeres in protolarvae and early mesolarvae may be associated with the
future or forming hypural complex and may cease to exist or be evident in
later stages. In addition, some counts referenced herein may be based on
erroneously identified specimens. Due caution is therefore advised in the
use of the data presented, especially when total myomeres are notably
different from total vertebrae (e.g. Clinostomus elongatus, Table 1).
The range of total myomeres or vertebrae for 70 cyprinid species, 28
to 51, is greater and in fact practically includes that for 27 catostomids,
32 to 52 (Figure 1) . However, over 75% of the cyprinids have counts within
the more restricted range of 34 to 43 and the catostomids within the more
restricted range of 39 to 49, 33 to 38 for the ictiobinae and 41 to 49 for
the catostominae. Carassius is responsible for the low end of the cyprinid
range and Gila, Mylocheilus , Leuciscus, ptychocheilus , and Hybopsis gracilis
[Platygobio gracilis according to Scott and Crossman, 1973) for the upper
end (Figure 2 and Table 1) . The genera Ictiobus and Catostomus are
respectively responsible for the lower and upper extremes of the catostomid
range .
Ranges of preanal and post anal myomere counts are 19 to 31 and 10 (9?)
to 18, respectively, for the cyprinids, and 25 to 42 (30 to 42 excluding
Ictiobinae) and 5 (3?) to 12 (14?), respectively, for the catostomids
(Figure 3) . However, over three quarters of the cyprinids have preanal
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Figure 1. Cumulative ranges of total vertebrae and/or myomeres for the
families Cyprinidae and Catostomidae , and the subfamilies Ictiobinae and
Catostominae . Solid bars represent the modal ranges which include over
75% of the species. Numbers indicate the number of species on which the
data are based. Based on data in Table 1.
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Figure 2. Total vertebrae summarized by genera in uniformly sized range
intervals. Numbers indicate the number of species on which the data for
one or more species is based on total myomeres rather than vertebrae.
Based on data in Table 1.
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counts of 27 or fewer and postanal counts greater than 11, while over 75%
of the catostomids have 2 7 or more preanal myomeres and 11 or fewer
postanal myomeres .
Most larval fish biologists recognize vent position and the number of
myomeres as key characters in distinguishing between cyprinid and catostomid
larvae. Preanal lengths (snout-to-vent) relative to total length have often
been reported as less than two-thirds for cyprinids and about two-thirds
or more for suckers, but with some overlap. Likewise, as documented above,
the ranges of total, preanal, and postanal myomeres for each family also
overlap. The greatest degree of separation is found in the proportion of
postanal to preanal myomeres which, based on the median values of the typical
ranges (Table 1), is about %or greater for cyprinids (48 to 78%) and 1/3
or less for catostomids (20 to 35%) . Good separation is also attained using
the proportion of preanal to total myomeres, typically 2/3 or less for the
minnows (57 to 69%) and 3/4 or more for the suckers (73 to 82%).
The genera within each family have more-or-less distinctive ranges
of total myomeres or vertebrae (Figure 2) . This information can be used,
with care and an awareness of exceptions, to help determine the identity
of some cypriniform larvae to at least a restricted group of genera and in
a few instances to the specific level. As an example, consider an
unidentified mesolarva with a myomere count of 29 preanal plus 16 postanal
myomeres from the Upper Colorado River System. The high postanal count,
and proportions of postanal to preanal (55%) and preanal to total myomeres
(65%), place the specimen within the family Cyprinidae. Of the nine
cyprinid genera known in the Upper Colorado River System, only Semotilus ,
Gila, and Ptychocheilus have ranges of total myomere counts that might
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include the count for this specimen 45; Figure 2). The total and preanal
myomere ranges for the specific species encountered in this river system
are a bit low in Semotilus atromaculatus and high in Ptychocheilus lucius
and Gila elegans (Table 1). These tentative eliminations leave Gila cypha,
a rare and endangered species, and Gila robusta, common in most of the
system, as the most probably identities.
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LARVAL DEVELOPMENT OF THE GREENSIDE DARTER,
ETHEOSTOMA BLENNIOIDES NEW MANII(AGASSIZ)
James M. Baker
Division of Water Resources
Tennessee Valley Authority
Norris, Tennessee 37828
ABSTRACT
Larvae of the greenside darter, Etheostoma blennioides newmanii,
were collected for this study from the Clinch River drainage in east
Tennessee. Spawning by the gneenside darter was estimated to extend
mid-March through April when water temperatures ranged item 10.2
to 19.0 C. Protolarvae. examined ranged in length froom 7.05 to 10.82 mTL, mesolarvae from 11.23 to 16.87 mm TL, and metalarvae 17.12 to
19.29 mm TL. Larval development, based on specimens examined, was
comparted with descriptions of larvae of E_. b_. blennioides by Fahy (1954).
Of the five known sympatric darter species observed in this study, larvae
of the redline darter, Etheostoma rufilineatum, were the most similar
to those of the greenside darter.
INTRODUCTION
The greenside darter, Etheostoma blennioides, is a widely distributed
species found in riffle habitats of the Mississippi River system from
Illinois to New York and south to Alabama, Georgia, and North Carolina.
West of the Mississippi River it occurs in the Ozark region of Missouri,
Arkansas, and eastern Oklahoma. In the Great Lakes drainage, it occurs
in the Ontario tributaries of Lake St. Claire, Lake Erie, and in the
southern tributaries of Lake Ontario (Moore 1968) . Four subspecies are
recognized (Miller 1968); E. b. blennioides Rafinesque, E. b. gutselli
(Hildebrand) , E. b. pholidotum (Miller), and E. 6. neimanii (Agassiz) .
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The latter is found throughout the Tennessee River system (except for those
areas inhabitated by E. b. gutselli) , the Cumberland River system, and west
of the Mississippi River in the St. Francis, White, Arkansas and Ouachita
River systems.
Larval fish drift was studied in Hinds Creek, a tributary of the Clinch
River (Melton HillReservoir, Anderson County, Tennessee) from 1976 through
1978. Large numbers of larval greenside darters of the newmanii, subspecies
were identified from samples obtained. A series of specimens from
protolarval through juvenile development periods was saved for reference
material. No literature known to me is available concerning larval
development of the greenside darter, with the exception of Fahy's (1954)
description of two larval specimens of E. b. blennioides. As a consequence,
it was the purpose of this paper to describe in detail larval development
of the greenside darter E. b. newmanii (Agassiz) and to compare its
development with larval development of E. b. blennioides as described by
Fahy (1954) . Reproductive habits for the greenside darter in Hinds Creek
were also studied to a limited degree.
METHODS
Drift net samples were collected weekly at four locations on Hinds
Creek (Table 1) from April 4 through September 1, 1976. Supplementary
larval seine and dip net samples were collected periodically from 1976
through 1978. Larvae were preserved in the field in 10 percent Formalin
and later transferred to buffered 5 percent Formalin for permanent storage.
Limited percid diversity in Hinds Creek made this a unique area for
larval taxonomic study. Most percids captured, could be identified to the
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Table 1. Total number of larval greenside darters (7 to 20 mm) captured
with drift nets at four sampling stations on Hinds Creek in 1976. Number
of samples is in parentheses .
species level by comparisons with specimens from a developmental series
propagated and cultured from Hinds Creek parental stock.
Greenside darter larvae from Hinds Creek were identified by comparing
them with a propagated series and by observing sequential development
through the juvenile period. Taxonomic separation from other species was
based on myomere counts, pigmentation patterns, yolk sac shape, number of
rays and spines in the median fins, and development related to total length
On March 28, 1977, gravid greenside darters from Hinds Creek were
stripped and the eggs were fertilized and placed in vertical flow-through
incubators at 13 to 15 C. Hatching occurred in 17 days. One egg was
preserved in 5 percent buffered Formalin, and nine larvae, at hatching
(three specimens) 1, 3 (two specimens), 4, 12, and 19 days post-hatching
were also preserved.
Descriptions of greenside darters are based on a developmental series
(63 specimens) encompassing protolarval through juvenile periods from Hinds
Creek field collections. Specimens were examined with a stereomicroscope.
An ocular micrometer was used for measurements and polarizing filters were
used to facilitate myomere and ray counts. Illustrations were drawn with
the aid of a camera lucida.
(94)15(97)238(69)23(22)0LarvaeTotal
4321Station No.
11.2HCMHCM 6.73.6HCMHCM 0.7Creek Mile
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Morphometric and meristic characters examined (Figure 1; Tables 2, 3)
include: total, standard, preanal, snout, and head length; length to the
posterior margin of the yolk sac (YSL);head depth and body depth at the
anus; orbit diameter; preanal and postanal myomere counts; numbers of
myomeres anterior to the posterior margin of the yolk sac (YSM);and numbers
of dorsal and anal fin spines and rays. Standard length was measured as the
distance from the tip of the snout to the posterior tip of the notochord for
specimens less than 13 mm total length. The hypural complex was used as
the posterior limit of standard length for specimens 13 mm TL or greater.
Head length on specimens less than 14 mm TL was measured from the tip of
the snout to the posterior margin of the otic vesicle, for specimens 14 mm
TL or greater the measurement was taken from the posterior margin of the
opercular flap. Preanal myomeres included any myomeres touched by or
anterior to an imaginary vertical line through the body at the posterior
margin of the anus. Number of myomeres anterior to the posterior margin
of the yolk sac included any myomere bisected by an imaginary vertical
line through the body at that point.
Meristic and morphometric data were tabulated by length intervals.
Developmental terminology used is that of Snyder (1976). Unless otherwise
stated, lengths mentioned in the text are total lengths.
GREENSIDE DARTER SPAWNING
Of the four stations sampled with drift nets in Hinds Creek, one
(Station 3) consistently yielded high numbers of greenside darter larvae
(Table 1) . This station was a pool having a substrate of bedrock overlain
with gravel and rubble immediately below a shallow bedrock riffle covered
with patches of filamentous algae. In late March 1977, gravid adult
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Table 2. Morphometric characters of larval greenside darters, Etheostoma blennioides newmanii (Agassiz).
* Length to posterior margin of the yolk sac.
2.412.40-2.481.321.30-1.342.582.56-2.600.820.76-0.883.903.85-3.949.489.44-9.5216.5319.2519.21-19.29XRange219.0-19.99 2.24-2.321.20-1.302.36-2.480.68-0.763.53-3.778.68-9.5215.61-16.0318.04-18.45Range 2.301.272.420.703.638.8515.8218.22X518.0-18.99
2.182.12-2.281.231.16-1.282.312.20-2.400.660.60-0.723.493.20-3.618.688.43-9.0215.2014.95-15.3617.4617.12-17.74XRange517.0-17.99 1.88-2.121.16-1.242.16-2.280.6 -0.643.03-3.368.10-8.3514.03-14.6116.03-16.87Range 2.031.182.180.623.218.2314.3316.40X516.0-16.99
1.80-1.961.08-1.101.88-2.000.52-0.562.79-2.997.52-7.8513.03-13.6915.03-15.53Range 1.871.091.950.542.917.713.3615.28X515.0-15.99 1.64-2.080.94-1.141.72-1.920.48-0.522.54-2.957.10-7.5212.44-13.1114.03-14.86Range 1.821.031.820.512.707.3012.7814.46Xs
14.0-14.99 1.52-1.760.8 -0.961.34-1.680.28-0.542.12-2.526.67-7.1812.36-13.0313.36-13.86Range 1.640.891.500.422.276.9312.5913.63X513.0-13.99
1.44-1.640.82-0.901.32-1.480.24-0.401.88-2.166.18- 6.6811.36-12.1112.19-12.86Range 1.560.871.410.302.046.3911.7012.43X512.0-12.99 1.461.40-1.540.840.82-0.841.271.20-1.340.270.20-0.361.931.84-2.005.895.66- 5.9911.0010.74-11.2311.5511.23-11.86XRange5
11.0-11.99 1.26-1.380.70-0.801.00-1.140.20-0.241.64-1.725.17- 5.499.92-10.510.0 -10.82Range 1.310.761.070.221.685.3210.0810.44X510.0-10.99
1.01-1.160.66-0.680.72-1.020.12-0.241.36-1.564.55- 5.138.73- 9.559.06- 9.84Range 1.080.670.830.181.474.679.029.29X59.0- 9.99 0.88-1.100.6 -0.700.70-0.820.12-0.201.26-1.483.04-3.243.98- 4.187.87- 8.288.04- 8.69Range
0.950.660.750.141.363.114.108.218.45X58.0- 8.99
0.80-0.940.68-0.700.58-0.700.08-0.121.12-1.262.72-2.803.61-3.696.81- 7.307.05- 7.54Range 0.860.700.630.881.202.743.667.107.35X57.0- 7.99 DepthDiametera t AnusSnoutHeadYSL*PreanalStandardTotalSize Range (mm TL)
HeadOrbitBody DepthLengthsLengths Body Depth Orbit HeadSize Range (mm TL) Total Standard Preanal YSL* Head Snout a t Anus Diameter Depth7.0- 7.99 5 X 7.35 7.10 3.66 2.74 1.20 0.88 0.63 0.70 0.86Range 7.05- 7.54 6.81- 7.30 3.61-3.69 2.72-2.80 1.12-1.26 0.08-0.12 0.58-0.70 0.68-0.70 0.80-0.948.0- 8.99 5 X 8.45 8.21 4.10 3.11 1.36 0.14 0.75 0.66 0.95Range 8.04- 8.69 7.87- 8.28 3.98- 4.18 3.04-3.24 1.26-1.48 0.12-0.20 0.70-0.82 0.6 -0.70 0.88-1.109.0- 9.99 5 X 9.29 9.02 4.67 1.47 0.18 0.83 0.67 1.08Range 9.06- 9.84 8.73- 9.55 4.55- 5.13 1.36-1.56 0.12-0.24 0.72-1.02 0.66-0.68 1.01-1.1610.0-10.99 5 X 10.44 10.08 5.32 1.68 0.22 1.07 0.76 1.31Range 10.0 -10.82 9.92-10.5 5.17- 5.49 1.64-1.72 0.20-0.24 1.00-1.14 0.70-0.80 1.26-1.3811.0-11.99 5 XRange 11.5511.23-11.86 11.0010.74-11.23 5.895.66- 5.99 1.931.84-2.00 0.270.20-0.36 1.271.20-1.34 0.840.82-0.84 1.461.40-1.5412.0-12.99 5 X 12.43 11.70 6.39 2.04 0.30 1.41 0.87 1.56Range 12.19-12.86 11.36-12.11 6.18- 6.68 1.88-2.16 0.24-0.40 1.32-1.48 0.82-0.90 1.44-1.6413.0-13.99 5 X 13.63 12.59 6.93 2.27 0.42 1.50 0.89 1.64Range 13.36-13.86 12.36-13.03 6.67-7.18 2.12-2.52 0.28-0.54 1.34-1.68 0.8 -0.96 1.52-1.7614.0-14.99 s X 14.46 12.78 7.30 2.70 0.51 1.82 1.03 1.82Range 14.03-14.86 12.44-13.11 7.10-7.52 2.54-2.95 0.48-0.52 1.72-1.92 0.94-1.14 1.64-2.0815.0-15.99 5 X 15.28 13.36 7.7 2.91 0.54 1.95 1.09 1.87Range 15.03-15.53 13.03-13.69 7.52-7.85 2.79-2.99 0.52-0.56 1.88-2.00 1.08-1.10 1.80-1.9616.0-16.99 5 X 16.40 14.33 8.23 3.21 0.62 2.18 1.18 2.03Range 16.03-16.87 14.03-14.61 8.10-8.35 3.03-3.36 0.6 -0.64 2.16-2.28 1.16-1.24 1.88-2.1217.0-17.99 5 XRange 17.4617.12-17.74 15.2014.95-15.36 8.688.43-9.02 3.493.20-3.61 0.660.60-0.72 2.312.20-2.40 1.231.16-1.28 2.182.12-2.2818.0-18.99 5 X 18.22 15.82 8.85 3.63 0.70 2.42 1.27 2.30Range 18.04-18.45 15.61-16.03 8.68-9.52 3.53-3.77 0.68-0.76 2.36-2.48 1.20-1.30 2.24-2.3219.0-19.99 2 XRange 19.2519.21-19.29 16.53 9.489.44-9.52 3.903.85-3.94 0.820.76-0.88 2.582.56-2.60 1.321.30-1.34 2.412.40-2.48
* Length to posterior margin of the yolk sac.
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Table 3. Meristic characters of larval greenside darters, Etheostoma
blennioides ewmanii (Agassiz).
sac.yolkof theof the posterior marginNumber anterior*
11,8-913X-XII2121-2242-43219.0-19.99
11,813X-XIII20-2121-2241-43518.0-18.99
11,8-913X-XIII19-2121-2340-44517.0-17.99
11,8-912-13X-XII19-2121-2342-44516.0-16.99
11,8-912IX-XIV20r2222-2342-45515.0-15.99
11,8-911-14V-XI20-2222-2342-45514.0-14.99
21-2322-2343-46513.0-13.99
22-2422-2445-46512.0-12.99
22-2622-2344-49511.0-11.99
25-262348-49510.0-10.99
24-2521-2345-4759.0-9.99
12-1425-282247-5058.0-8.99
13-1423-2621-2345-4857.0-7.99
AnalDorsalDorsalYSM*PostanalPreanalTotalNTL)(mmcRanSize
SecondFirst
inesand/or SsRaFinMyomeres
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greenside darters were collected in this area, a habitat similar to that
described by Fahy (1954) for the northern greenside darter.
Early protolarval greenside darters (7 to 8 mm TL) were captured in
Hinds Creek from April 8 through May 7, 1976, at water temperatures ranging
from 12.5 to 19.8 C. Eggs of the greenside darter, incubated at 13 to 15 C,
hatched in 17 days in the laboratory. Therefore, the spawning season of the
greenside darter in Hinds Creek probably extended from mid-March through
April in 1976. Water temperatures ranged from 10.2 to 19.0 C during this
two-month period.
DEVELOPMENT
Eggs and Protolarvae
Propagated greenside darter eggs were spherical, demersal, adhesive,
and had a large yellow oil globule. One protolarval specimen, preserved
at hatching from the propagated series, measured 7.22 mm TL. However,
smaller protolarvae were collected from Hinds Creek. The smallest specimen
measured was 7.05 mm TL.
Early protolarval greenside darters had a terminal, well-developed
mouth and a rounded snout (Figure 2). No teeth were visible. The nares
were formed and two small otoliths were present in each well defined
auditory vesicle. The gill arches were partially covered by thin membranous
opercula. Bony elements of the opercula were not present until 9mm TL.
By the end of the protolarval phase, the opercula covered the gill arches.
Total numbers of myomeres ranged from 45 to 50 in the protolarval phase.
The early protolarval yolk sac was tear-drop in shape with a large
anterior oil globule. It extended to approximately the 14th preanal myomere
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(Table 3) covering two-thirds of the straight gut. As yolk was absorbed,
the yolk sac became more cylindrical in shape. Yolk absorption was
completed by 11 mm TL. The oil globule was the last yolk component to
be absorbed.
A reticulated network of vitelline veins was present ventral ly and
ventrolaterally on the yolk sac of early protolarvae (Figure 3). This
network converged posteriorally into a single subintestinal vein which
was present along the ventral surface of the gut to the anal pore. As
yolk content diminished, the network of vitelline veins gradually became
constricted into a tight mid-ventral bundle and began to deteriorate. By
about 10 mm TL, the veins shifted to the right side of the yolk sac in the
area of liver development. Anterior and posterior of the liver development
area, the vitelline bundle retained its mid-ventral positioning. Immediately
prior to total yolk absorption, the vitelline system was reduced to a
single vein which disappeared with final yolk absorption.
Protolarval greenside darters had a large melanophore within each
auditory vesicle. Most specimens had one melanophore immediately anterior
to each pectoral fin base. There was a row of four to five melanophores
along each side of the gut from the posterior margin of the yolk sac to
the anal pore. One or two mid-ventral melanophores were usually present
immediately anterior to the anal pore. Postanal pigmentation consisted
of a mid-ventral row of indistinct melanophores and distinct ventrolateral
rows of pigment. The ventrolateral melanophores were usually punctulate
but occasionally appeared as short slashes of pigment along the myoseptae.
Pigmentation on the caudal fin consisted of a few indistinct melanophores.
No pigment was present on the dorsal surface. Early protolarval specimens
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had a great deal of ventral pigment of the yolk sac in association with
the vitelline vein system (Figure 3) . Pigment diminished as yolk was
absorbed and the vitelline system became constricted. By the time of
total yolk absorption and subsequent disappearance of the vitelline system,
the associated pigment was reduced to one large, usually stellate,
melanophore between the pectoral fin bases and a few indistinct melanophores
at intervals along the gut.
During the protolarval phase, the median finfold origin was dorsal
near the fifth preanal myomere, was present around the urostyle, and
extended ventral ly to the posterior margin of the yolk sac. Undulations
in the profile of the median finfold were present at the future locations
of the second dorsal and anal fins. The pectoral fins were short and
rounded. The onset of fin ray development was evidenced by an opaque area
which formed in the caudal fin below the urostyle on specimens between
10 and 11 mm TL. Caudal rays were first observed on a 11.23 mm length
individual, thus marking the transition to the mesolarval phase.
Meso larvae
During the mesolarval phase of development, the mouth was moderately
sub terminal, and by the end of this phase, the snout was bluntly rounded
and appeared almost square. The opercula gradually increased in length.
On specimens greater than 14 mm TL, opercula extended to the pectoral fin
bases and had distinct flaps.
The total number of myomeres gradually decreased through the mesolarval
development phase. Counts on specimens between 16 and 17 mm length ranged
from 42 to 44. The last three to five postanal myomeres on pirotolarvae
gradually lost the myomere appearance as they became part of hypural
musculature. The number of preanal myomeres also decreased slightly with
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development. Two to three myomeres were visible anterior to the pectoral
fins on protolarval and early mesolarval specimens. Usually only one was
apparent on specimens greater than 14 mm TL. The anterior-most myomere
on the smallest mesolarval specimens was occasionally incomplete and by
14 mm length had disappeared. The second and third myomeres anterior to
the pectoral fin appear to fuse at approximately 14 mm and were counted
as one .
Few changes in pigmentation occurred during the mesolarval phase of
development. By the end of this phase, a few melanophores were present
over the midbrain, the operculum was lightly pigmented, and the otic
vesicle was more intensely pigmented. An indistinct mid-lateral line of
pigment was present, particularly on the posterior half of the body, and
the margin of the hypural complex was lightly outlined with small
punctulate melanophores. On specimens less than 16 mm length, mid-ventral
postanal pigmentation was confined posterior to anal fin development.
For lengths greater than 16 mm, a double row of pigment was present
around the anal fin with pairs of melanophores at the base of each ray.
The median finfold was gradually absorbed during the mesolarval
phase. By 16.87 mm length, it disappeared dorsally. Ventrally, it was
present as a thin line along the gut and a small flap immediately
posterior to .the anal fin.
At the onset of mesolarval development (11.23 mm), the urostyle was
slightly upturned. Pelvic buds were in evidence between 12 and 13 mm
length, as well as incipient rays in the second dorsal and anal fins
(Figure 4). Development of dorsal spines and pectoral fin rays began
between 13 and 14 mm length. Pelvic fin ray formation began between 14
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and 15 mm length. The adult complement of fin rays appeared in the caudal
and pectoral fins between 15 and 16 mm length; in the anal fin between
14 and 15 mm length; and in the; second dorsal fin, marking transition to
the metalarval phase, by 17.12 mm length (Table 3).
Metalarvae
During the metalarval phase, the mouth became distinctly subterminal.
The bottom of the upper lip was in line with the ventral margin of the
orbit and the snout was smoothly rounded.
Total myomere counts continued to decrease through the metalarval
phase. Specimens greater than 18 mm length had 41 to 43 myomeres (Figure 5)
Between 18 and 19 mm length, two patches of pigment appeared dorsally
on the torso, one between the dorsal fins and another at the posterior
margin of the second dorsal fin. Between 19 and 20 mm length, six distinct
dorsal saddles developed and mid-lateral pigmentation intensified in areas
that later developed into the lateral blotches characteristic of adult
greenside darters (Figure 6).
The pelvic fins were completely rayed but not fully formed by the
onset of metalarval development. By 19.29 mm length, the median finfold
was completely absorbed and the first dorsal fin had 10-12 spines. Although
no specimens were available for verification, final development of the first
dorsal fin, marking transition to the juvenile period, probably occurs
shortly after 20 mm length.
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Juvenile
One juvenile specimen (Figure 7) was collected (25.89 mm length).
It closely resembled the adult form in pigmentation patterns and mouth
position. Lateral pigment consisted of six U-shaped blotches, a large
blotch on the caudal peduncle, and a blotch above each pectoral fin.
Six saddles were present dorsally. The mouth was inferior and the snout
smoothly rounded. Squamation was complete and the adult complement of
rays and spines was present in all fins (Table 4).
DISCUSSION
At least five species of darters are sympatric with the greenside
darter in Hinds Creek. They are the Tennessee snubnose darter, E. simoterum;
redline darter, E. rufilineatum; blueside darter, E. jessiae; stripetail
darter, E. kennicotti; and logperch, Percina caprodes. The fantail darter,
E. flabellare, and the dusky darter, P. sciera, may occur in Hinds Creek
but were not captured during this study.
The redline darter is the only sympatric species in Hinds Creek with
larvae that closely resemble those of the greenside darter. They differed
in characteristics of the vitelline vein system, total myomere counts, and
length for the various phases of development. Proto larval redline darters
had a single serpentine vitelline vein. Total myomere counts ranged from
38 to 44 for protolarvae and 37 to 39 for metalarvae. Total length ranges
for the three phases of larval development were; proto larval 6.2 to 8.5 mm
TL, mesolarval 8.55 to 9.6 mm TL, and metalarval 9.9 to 13.36 mm TL (Baker
and Whitaker 1979 MS) .
Live eggs of E. b. newmanii observed during incubation in the
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Table 4. Morphometric and meristic characters of juvenile and adult greenside darters,Etheostoma blennioides newmanii (Agassiz).
6-615-1517711,13XIII21214270.00Adult
6-614-1417811,13XIII22204281.00Adult
6-614-1417811,14XIV21214281.00Adult
7-714-1417811,13XV22204289.50Adult
6-614-1417811,14XIV20214125.89Juvenile PelvicPectoralCaudalAnalDorsalDorsalPostanalPreanalTotalTL)(mmthLen SecondFirst
inesand/ orRaysMyomeresMyomeres Rays and/ or inesFirst SecondLen th (mm TL) Total Preanal Postanal Dorsal Dorsal Anal Caudal Pectoral PelvicJuvenile 25.89 41 21 20 XIV 14 11, 8 17 14-14 6-6Adult 89.50 42 20 22 XV 13 11, 8 17 14-14 7-7Adult 81.00 42 21 21 XIV 14 11, 8 17 14-14 6-6Adult 81.00 42 20 22 XIII 13 11, 8 17 14-14 6-6Adult 70.00 42 21 21 XIII 13 11, 7 17 15-15 6-6
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laboratory closely resembled Fahy's description for E. 6. blennioides
eggs. They were spherical, transparent, demersal, adhesive, and had a
large yellow oil globule. The diameter of one dead and slightly
deteriorated egg was approximately 2 mm. Fahy reported a range in egg
diameter of 1.75 to 1.98 for E. 6. blennioides . E. 6. blennioides eggs
incubated at 13 to 14.5 C hatched in 18 days, which is similar to the
observed hatching time of E. 6. newmanii (17 days at 13 to 15 C) .
Fahy's illustration of a 7.5 mm northern greenside darter larva
(24 hours old) is similar to larvae of comparable size described in this
study with one exception. He observed rays in the pectoral fins at this
length whereas the onset of pectoral fin ray development occurred between
13 and 14 mm length for our specimens. His Bmm specimen (16 days old)
differed considerably from Bmm larvae examined in this study. At this
length, Fahy reported total yolk absorption, well developed pectoral fin
rays, the presence of fin rays in the caudal fin, and
ray elements at the base of the second dorsal, anal, and pelvic fins.
These findings disagreed markedly from those of this study. For specimens
examined in this study, yolk absorption was not completed at less than
10 mm length. The onset of ray development occurred at considerably
greater lengths; caudal fin at 10 to 11 mm TL, second dorsal and anal fins
at 11 to 12 mm length, and pelvic fins at 12 to 13 mm TL. Pelvic buds
did not appear on E. 6. newmanii until after 11 mm length.
The 16 day old (8 mm) E. b. blennioides larvae illustrated by Fahy
was shorter than the 19 day old (8.69 mm) E. 6. newmanii larva cultured
in this study. This is to be expected considering younger age and development
at slightly lower water temperatures. It is at the same time more advanced
in fin development and yolk absorption. This could be subspecific variation
in developmental rates or abnormal development of Fahy's single cultured
specimen. Cultured specimens of E. 6. newmanii were very similar in
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development to specimens of comparable length collected from Hinds Creek.
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MATERIALS FOR A DESCRIPTION OF LAKE CHUBSUCKER,
[ERIMYZON SUCETTA) , LARVAE
ABSTRACT
INTRODUCTION
Twelve take, chubsucker larvae were composted with des criptions of
creek chubsucker at equal developmental phases. Preanal myomtnt
distributions for the two species showed no overlap. Modal values were
27 and 31 fOR lake and creek chubsuckers , respectively. Eye diameter,
expressed as percent of total length, for metalarval was the only
significant [0,05 probability level) morphometric value. Pigmentary
differences were essentially non-existent. Morpholocial changes, Audi
a6cleithrum ossofication and formation of dorsal fin lepidotrichia,
occured at smaller total lengths in lake chubsuckers. Characters used
\u25a0In a perviously prepared kty to separate creek chubsuckers larvae from
those of other genera were also useful ion separation of lake chubsuckers
from these groups.
Three species of Erimyzon are known. All are sympatric in parts of
their distributions. Larvae of these species have not been compared and
only those of the creek chubsucker, E. oblongus , have been described.
(Carnes 1958, Fuiman 1978). Embryogeny and early posthatching stages
(to 3 weeks) of the lake chubsucker, E. sucetta, have been documented
(Shaklee et at. 1974) .
Fuiman (1978) presented a key to catostomid larvae of the northern
Atlantic slope of North America. He suggested that this key may be
useful for generic identification of species occurring outside that
uHi . takd huh-6uo. e.si A .2. Wdh.2, par 2McKiptionh i
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study area because the five species included in the key were in five
genera. A small collection of E. sucetta are compared with published
descriptions of E. oblongus in this paper. Differences are noted where
present so as to suggest parameters for future, more detailed comparisons
of these species. These larvae are also used to partially test the
efficacy of Fuiman's key at the generic level.
METHODS
Twelve larval lake chubsuckers were dipnetted from Singletary Lake,
Bladen County, North Carolina on 28 April 1976. Seven of these were
preserved in five percent buffered formalin at the collection site. The
remainder were reared in a laboratory according to details given by
Fuiman and Loos (1978) . Additional specimens were preserved on 24 May, 30
June, and 25 September. Larvae were known to be Erimyzon because of the
long preanal distance (relative to that of cyprinids) and median pigment-
free space on the occiput (Fuiman 1978) . Specific identification of
larvae was verified with scale counts of the largest specimen (35.7 mm TL)
and by the fact that E sucetta is the only species of the genus known
from Singletary Lake.
Morphometric measurements made on each specimen included: total
length (TL) , standard length (SL),preanal length (PAL),head length (HL),
eye diameter (ED),body depth at the anus (BD), and ratio of lengths of
posterior to anterior gas bladder chambers. These are defined and
illustrated in Fuiman (1978) . Measurements were made with a dissecting
microscope equipped with an ocular micrometer (largest specimens with
dial calipers) in November 1978. Preanal and postanal myomeres and median
fin rays were counted using polarizing filters. Myomeres of two juveniles
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were not easily enumerated and were omitted from the results. Significant
differences (0.05 probability level) in body proportions between the
species were tested using Student's "t" values derived from arcsin
transformed ratios. Specimens were deposited in the Cornell University
Ichthyological Collection (CU 55809) . Terminology of larval phases
follows Snyder (1976). Lengths are given as total length, unless otherwise
noted.
RESULTS
A detailed description of lake chubsucker development was not justified
because of the small sample size (12) and the lack of variability associated
with geographic origin. Instead, preserved specimens were compared with
Fuiman's (1978) description of creek chubsuckers . Results of a verbatim
comparison follow.
Four proto larvae ranged from 6.8 to 7.4 mm. Total myomeres varied:
36 (3 specimens), 37 (4), and 38 (3). These were distributed as: preanal,
27 (5), 28 (2), and 29 (3), and postanal, 8 (2) , 9 (4), and 10 (4).
Myomeres in E. oblongus were approximately normally distributed; total:
range 38 to 42, mode 40; preanal: range 30 to 33, mode 31; postanal: range
7 to 10, mode 9. No body proportions were significantly different between
these species (Table 1).
Pigmentation was identical to that described for E. oblongus at 7.9 mm,
except that melanophores were absent on the vertical myosepta of E. sucetta
Lake chubsuckers apparently absorb yolk at a smaller size. No individuals
were found with yolk, yet itpersisted in creek chubsuckers at 7.9 mm.
Each protolarva had a partially filled gas bladder which did not inflate
in E. oblongus until 7.8 mm. In E. sucetta it was located somewhat forward
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Table 1. Morphometric and meristic data for Erimyzon (CU 55809). Abbreviations areexplained in the text.
7121812.96.421.058.178.835.7
7121813.36.820.958.578.925.0juvenile 7121882911.77.922.962.382.114.5
7121892712.27.922.662.882.913.5
6111892710.97.821.764.084.512.1
041882911.07.521.267.788.010.8metalarva 0018102710.77.218.467.191.19.1
00610288.87.518.067.894.98 7me so larva
0009298.87.218.269.194.47.4
00010278.46.716.469.994.47.3
000102810.57.518.169.594.17.0
0009279.57.317.968.694.66.8protolarva ANALDORSALCAUDAL
POSTANALPREANALBDEDHLPALSLTL(mm)PHASE RAYSFINMYOMERESPERCENT OF TLPERCENT OF TL MYOMERES FIN RAYSPHASE TL(mm) SL PAL HL ED BD PREANAL POSTANAL CAUDAL DORSAL ANALprotolarva 6.8 94.6 68.6 17.9 7.3 9.5 27 9 0 0 0
7.0 94.1 69.5 18.1 7.5 10.5 28 10 0 0 0
7.3 94.4 69.9 16.4 6.7 8.4 27 10 0 0 0
7.4 94.4 69.1 18.2 7.2 8.8 29 9 0 0 0
me so larva 8 7 94.9 67.8 18.0 7.5 8.8 28 10 6 0 0
9.1 91.1 67.1 18.4 7.2 10.7 27 10 18 0 0metalarva 10.8 88.0 67.7 21.2 7.5 11.0 29 8 18 4 012.1 84.5 64.0 21.7 7.8 10.9 27 9 18 11 613.5 82.9 62.8 22.6 7.9 12.2 27 9 18 12 714.5 82.1 62.3 22.9 7.9 11.7 29 8 18 12 7juvenile 25.0 78.9 58.5 20.9 6.8 13.3 18 12 735.7 78.8 58.1 21.0 6.4 12.9 18 12 7
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of the position it occupied in the congener (between myomeres 7 through
11 versus 8 through 13, respectively).
Two mesolarvae were preserved (8.2 and 9.1 mm). These individuals
had pigmentation and morphology as described for E. oblongus. Location of
the gas bladder with respect to myomeres was similar to the E. oblongus
description. Caudal fin rays developed between 7.4 and 8.2 mm, as
evidenced by the first presence of rays (6 elements) in an 8.2 specimen.
A more precise estimate might be prior to 7.9 mm (the size of caudal fin
ray formation in E. oblongus) , given the generally earlier development of
features in E. sucetta. All18 rays were present at 9.1 mm (again,
earlier than the 10.1 mm for the creek chub sucker) .
Four of the 12 preserved specimens were metalarvae ranging between
10.8 and 14.5 mm. Eye diameter averaged 7.8% TL. This was significantly
greater (0.03 probability, t18 = 2.6) than the 7.1 value for E. oblongus.
Other mean body proportions were similar for the two species.
Pigmentation of E. £>u.o,Qjt£n. was the same as E. oblongus except for
the lack of scattered melanophores on the operculum of the former.
Morphology was not different between the two species. Four dorsal fin
rays were present at 10.8 mm (0 rays through 9.1 mm). Allrays were present
at 12.1 mm. The corresponding values for E. oblongus were 13.9 and 14.4 mm,
respectively. Anal rays of the lake chubsucker developed between 10.8
and 12.1 mm (when 6 elements were present).
The remaining specimens were juveniles (25.0 and 35.7 mm). Both
were fully scaled, having the adult complement of 35 to 38 scales in a
lateral series. Dorsal fin pigment was more scarce in lake chubsuckers.
At least three interradial membranes were without melanophores in this
species. Often cited differences in pigmentation between yearling
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Erimyzon species (Hubbs and Lagler, 1958; Smith-Vaniz, 1968) were not
evident at these sizes.
Keying of lake chubsuckers to genus was successful for all developmental
phases. All protolarval and mesolarval characters used in Fuiman's (1978)
key adequately described the appropriate larvae. Metal arval key characters
included the presence of a medium pigment- free space on the dorsum, a
prominent mid-lateral stripe, and small head and snout lengths. Two of the
four metalarvae had relative head length measurements closer to those of
Carpiodes cyprinus (the alternative species in the ultimate couplet) than
E. oblongus. This character notwithstanding, identification as an Erimyzon
species was inevitable because of the pigmentary characters used.
DISCUSSION
The most significant character for separating larvae of the two
species of Erimyzon was preanal myomere number. There was no overlap of
values in these species and it was based on the largest sample size (10)
for quantitative data in this study. Vertebral number in adults can be
used to verify this character but such data are available only for the
lake chubsucker.
A recurring observation during the ontogeny of the lake chubsucker
was the smaller size at a given developmental stage, as compared to its
congener. This may be a result of smaller hatching sizes and equal
developmental rates. E. sucetta. eggs are two millimeters in diameter and
larvae hatch at five to six millimeters, according to Cooper (1935)
(hatching size was apparently incorrectly transcribed from Cooper by
Scott and Crossman 1973). More precise measurement is necessary to
detect differences from these values and the 1.9 mm eggs and 6.0 mm
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newly hatched larvae (Fuiman 1978) of E. oblongus. An alternative
explanation involves faster ontogenetic rates as compared to linear growth
in the lake chubsucker.
Pigmentation patterns were essentially identical in the two species.
The few exceptions noted may be an artifact of the small sample size.
Metalarval eye diameter (as % TL) was the only significant morphometric
parameter. This character may prove to be less valuable after more
measurements are made (especially in the light of a lack of difference in
eye diameters in the adult forms) .
Fuiman 's key to catostomid larvae successfully segregated Erimyzon
from others. This is not unexpected because the ultimate couplet
distinguishes Erimyzon from Carpiodoes. The latter is in a different
subfamily (Ictiobinae versus Catostominae) .
Random variation, and variability associated with geographic origin,
may have influenced the mean values observed in this study significantly.
Therefore, one cannot accurately comment on valid characters for separating
these species, given these data. E. sucetta is reported to be the only
chubsucker in Singletary Lake. Therefore, the sample taken for this study
was from a population which was allopatric with respect to local E. oblongus
populations. Morphological character displacement may play a role in zones
of sympatry of these two species. Ifso, differences between them will
become more obvious and make the task of identification easier.
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ABSTRACT
The development of larval and juvenile. creek chub, Semotilus
atromaculatus ,is described. The description is based on {ield
collected specimens from the Cipppewa River and Duscham Csiz&k, a
tributary,An west-central Wisconsin. Total mymere count, pigment
patterns, and developmental, phase transition lengths one the characters
most useful in identifying young creek chub. The separation of young
creek chub from other cyprinids is discussed.
INTRODUCTION
Cyprinidae, the most speciose family of North American freshwater
fishes and often the most abundant in many habitats, has received little
attention in the literature dealing with the taxonomy of the early
development of freshwater fishes. Recent publications by Snyder et at.
(1977), Fuiman and Loos (1977, 1978), and Loos et al. (1975) represent
valuable contributions to larval cyprinid taxonomic literature.
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Becker and Johnson (1970) reported that the creek chub (Semotilus
atromaculatus) is abundant in small to medium size streams throughout
Wisconsin, but is rare in large rivers and lakes. Specimens used in this
study were collected primarily in Duscham Creek, which has a drainage area
2 2of approximately 28.5 km (11 mi ). Other cyprinids commonly collected
with the creek chub included the golden shiner {Uot<Lm<LgoviuA crysoleuscas) ,
spot fin shiner [HoVwpAji spilopterus) , sand shiner (N. stramineus) , fathead
minnow {Vim<ipkoJi(i6 promelas) ,blacknose dace (Rhinichthys atratulus) and
longnose dace (R. cataractae) .
This paper describes the early development of the creek chub and
briefly compares it with literature accounts of similar species. The
description is limited principally to those characters which the authors
felt were distinctive.
METHODS
Specimens described in this paper were all obtained from field
collections in Duscham Creek and the Chippewa River in west-central
Wisconsin. Collecting gear included drift nets, dip nets and seines.
A more detailed account of the sampling program was given in the project
report (NUS 1978).
The developmental terminology used is that presented by Snyder <lt al.
(1977) and is as follows:
"Proto larva: The larval phase in which distinct median
fin elements (dorsal, anal, or caudal spines or rays) are
not yet apparent.
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Meso larva: The larval phase in which at least one, but
not the full complement of distinct principal rays in
the median fins is apparent; or if the full complement
is present and the adult possesses pelvic fins, the
pelvic buds or fins are not yet apparent.
Metalarva: The larval phase in which the full complement
of distinct principal rays in the median fins, and if the
adult possesses pelvic fins, the pelvic buds or fins are
apparent.
"
Measurements were made with a dissecting microscope and ocular
micrometer following those definitions given by Mansueti and Hardy (1967) .
Myomere counts were made for protolarvae, mesolarvae, and some early
metalarvae with the aid of polarized light. Preanal myomeres were counted
as defined by Mansueti and Hardy (1967) and Siefert (1969) . Descriptions
take the dynamic approach recommended by Berry and Richards (1973).
Protolarvae are described in detail and from that point pigmentation,
finfold and fins, and squamation are described throughout their
developmental sequences.
DESCRIPTION
Only two protolarvae were collected (Figure 1). The specimens were
9.3 mm and 9.6 mm in total length (8.9 and 9.1 mm notochord length). Each
specimen had some yolk material remaining. The size at hatching is
unknown, but is estimated to be between 6 and 7 mm based on information
supplied by Reed (1971) for the closely related fallfish (Semotilus
corporalis) .
The head length averaged 20 percent of the total length (Table 1) .
The eye was well formed and pigmented and its diameter averaged 8 percent
of the total length. The mouth was slightly subterminal with the lower
103
Figure
1.
Proto
larva,
9.6
mm
TL.
104
Table 1 Selected morphometrics and meristics for protolarvae, mesolarvae and metalarvae of the creek chub.
Range 1957411427634944217415.3 88
15.0-15.9 mmMean 5-75-840-4313-1526-28
19674114271211-136361-644746-484442-452119-2277-843-414.4 8914.0-14.9 88-9014.0-14.9 mmMean Range
1817-19234241-421414-152727-286564-664746-482120-228413.0 8913.0-13.1 88-8913.0-13.9 mmMean Range
0-60-738-4313-1525-281110-126361-644846-492220-2987-832-412.5 8912.1-12.9 88-90Mean Range 193541142712.0-12.9 mm
1110-116361-664948-502220-24833-411.6 9111.3-11.9 89-91Mean Range 1817-1920-530-74242-431414-152827-2811.0-11.9 mm
1010-116362-644844-502120-2387-832-410.4 9210.0-10.9 91-94Mean Range 142-1910-410-64241-431414-152826-2910.0-10.9 mm
1312-144342-4414.514-1528.528-29106362-644643-482019-21832-39.6 939.6-9.7 90-96Mean Range9.0-9.9 mm
Fin raysCaudalFin raysAnalFin raysDorsalMyomeresTotalMyomeresPostanalMyomeresPreanalBody Depthat AnusPreanal LengthPredorsal LengthPrepelvic LengthEye HeadDiameter LengthStandard SnoutLength LengthTotal Length (mm)Length Interval Meristicsthas 7o of Total Len;ihotee triesMor
MESpIARVAE 62-65
41.541-4213.513-14281064472087-822-39595-969.49.3-9.6Mean Range9.0-9.9 mm
Caudal Fin raysAnalFin raysDorsalFin raysTotal MyomeresPostanal Myor.ieresPreaaal Myomeres!sotly Depthfit AnusPre.an.il LengthLengthPrepelvic LengthLengthEyeDiameterS nou tLengthStandard LengthTotal Leng th(mm)Length Interval Mer istics
Morphometrics (as % of Total length) PROTOIARVAEPROTOIARVAEMorphometrics (as % of Total length) Mer isticsLength Interval Total Leng th(mm) Standard Length S nou tLength EyeDiameter Length Prepelvic Length Length Pre.an.il Length !sotly Depthfit Anus Preaaal Myomeres Postanal Myor.ieres Total Myomeres DorsalFin rays AnalFin rays Caudal Fin rays9.0-9.9 mmMean Range 9.49.3-9.6 9595-96 22-3 87-8 20 47 64 10 28 13.513-14 41.541-4262-65MESpIARVAE
Mor ihotee tries as 7o of Total Len; th MeristicsLength Interval Total Length (mm) Standard SnoutLength Length Eye HeadDiameter Length Prepelvic Length Predorsal Length Preanal Length Body Depthat Anus Preanal Myomeres Postanal Myomeres Total Myomeres DorsalFin rays AnalFin rays CaudalFin rays9.0-9.9 mmMean Range 9.6 939.6-9.7 90-96 32-3 8 2019-21 4643-48 6362-64 10 28.528-29 14.514-15 4342-44 1312-1410.0-10.9 mm 2826-29 1414-15 4241-43 10-6 10-4 142-19Mean Range 10.4 9210.0-10.9 91-94 32-4 87-8 2120-23 4844-50 6362-64 1010-1111.0-11.9 mm 2827-28 1414-15 4242-43 30-7 20-5 1817-19Mean Range 11.6 9111.3-11.9 89-91 33-4 8 2220-24 4948-50 6361-66 1110-1112.0-12.9 mm 27 14 41 5 3 19Mean Range 12.5 8912.1-12.9 88-90 32-4 87-8 2220-29 4846-49 6361-64 1110-12 25-28 13-15 38-43 0-7 0-613.0-13.9 mmMean Range 13.0 8913.0-13.1 88-89 4 8 2120-22 4746-48 6564-66 2727-28 1414-15 4241-42 3 2 1817-1914.0-14.9 mmMean Range 14.4 8914.0-14.9 88-90 43-4 77-8 2119-22 4442-45 4746-48 6361-64 1211-13 27 14 41 7 6 1926-28 13-15 40-43 5-8 5-715.0-15.9 mmMean 15.3 88 4 7 21 44 49 63 27 14 41 7 5 19Range
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Table 1 (continued)
(-) indicates single measurement or count.
19881514-155656-584746-484443-442221-2366-7Mean 22.4 85 4Range 22.1-22.9 84-86 4-522.0 -22.9 mm
19881513-165855-594745-494441-452322-2476-7Mean 21.4 86 5Range 21.0-21.9 83-87 4-521.0 - 21.9 mm
19881414-155958-604747-484443-452219-236 6-7Mean 19.5 86 5Range 19.2-19.8 85-87 4-519.0 - 19.9 mm
1988421527146048-614747-484443-452120-227Mean 17.4 86 5Range 17.0-17.7 85-87 4-517.0 - 17.9 mm
19888-9
4241-421514-152726-28136159-624746-494442-452120-2477-8Mean 16.3 87 4Range 16.0-16.7 86-88 4-516.0 - 16.9 mm
19884241-431514-152727-281312-136261-644846-494544-502220-2377-8Mean 15.7 88 4Range 15.3-15.9 87-89 4-515.0 - 15.9 mm
19884140-421413-142826-281212-146261-644847-494443-452220-237Mean 14.7 87 4Range 14.3-14.8 86-88 3-414.0 - 14.9 mm
Fin raysFin raysFin raysMyomeresMycmeresMyomeresLength Interval CaudalAnalDorsalTotalPostanaliTeanalBody Depthat AnusPrcana.l LengthPrcdorsiil LengthPrepelvia LengthHead LengthEyeDiameterSnout LengthStandard LengthTotal Length Meristi.csTotal Lengthas % ofihoraetricsMor METALARVAEMETALARVAEMor ihoraetrics as % of Total Length Meristi.csTotal Length Standard Length Snout Length EyeDiameter Head Length Prepelvia Length Prcdorsiil Length Prcana.l Length Body Depthat Anus iTeanal Postanal Total Dorsal Anal CaudalLength Interval Myomeres Mycmeres Myomeres Fin rays Fin rays Fin rays
14.0 - 14.9 mmMean 14.7 87 4Range 14.3-14.8 86-88 3-4 7 2220-23 4443-45 4847-49 6261-64 1212-14 2826-28 1413-14 4140-42 8 8 1915.0 - 15.9 mmMean 15.7 88 4Range 15.3-15.9 87-89 4-5 77-8 2220-23 4544-50 4846-49 6261-64 1312-13 2727-28 1514-15 4241-43 8 8 1916.0 - 16.9 mmMean 16.3 87 4Range 16.0-16.7 86-88 4-5 77-8 2120-24 4442-45 4746-49 6159-62 13 2726-28 1514-15 4241-42 88-9 8 1917.0 - 17.9 mmMean 17.4 86 5Range 17.0-17.7 85-87 4-5 7 2120-22 4443-45 4747-48 6048-61 14 27 15 42 8 8 1919.0 - 19.9 mmMean 19.5 86 5Range 19.2-19.8 85-87 4-5 6 6-7 2219-23 4443-45 4747-48 5958-60 1414-15 8 8 1921.0 - 21.9 mmMean 21.4 86 5Range 21.0-21.9 83-87 4-5 76-7 2322-24 4441-45 4745-49 5855-59 1513-16 8 8 1922.0 -22.9 mmMean 22.4 85 4Range 22.1-22.9 84-86 4-5 66-7 2221-23 4443-44 4746-48 5656-58 1514-15 8 8 19
(-) indicates single measurement or count.
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jaw already developed. Other mouth parts were not discernable. The
snout length was 2 percent of the total length. The opercle partially
covered the gill chamber where several gill arches were barely visible
Otoliths were not evident.
The body depth at the pectoral fins was about 12 percent of the
total length while the depth at the anus averaged 10 percent. A single
chamber swim bladder was present in the smallest specimen. The median
finfold arose dorsal ly at the fifteenth to seventeenth myomere and was
continuous to the anus. The predorsal length averaged 48 percent of the
total length. The finfold continued on the ventral surface from the anus
to a point below the anterior end of the swim bladder. Pectoral fins
were large, approximately 11 percent of the total length, but no rays
were apparent. The urostyle on the 9.3 mm specimen was slightly flexed
while that on the 9.6 mm specimen was straight. Hypochordal rays were
beginning to form on both specimens.
Protolarvae were well pigmented. Numerous melanophores covered the
dorsal surface of the head, between the eye and onto the snout. Dorsal
body pigmentation consisted of scattered melanophores in the occipital
region and a distinct double line of melanophores extending to the caudal
region.
Laterally, a single row of melanophores on the midline extended from
above the center of the swim bladder to near the caudal region. The caudal
spot was beginning to form in the area of the flexed urostyle. A line of
dark subsurface pigmentation was visible in the gill chamber. The dorsal
surface of the swim bladder had a heavy concentration of melanophores
which joined with a subsurface line of melanophores on the dorsal surface
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of the yolk sac extending to the anus . A heavy concentration of
melanophores occurred in the dorsal finfold near the tip of the urostyle
and hypochordally between the developing caudal fin rays.
A prominent series of melanophores on the midline of the chin was
present on the smallest proto larva as was a "V" or triangle shaped pattern
of melanophores located ventral to the heart. These pigment patterns were
not obvious on the larger proto larva. The vertex of the "V" was directed
anteriorly and a series of melanophores extended posteriorly from the "V"
onto the lateral surface of the yolk-sac to connect with the line of
melanophores located on the dorsal surface of the intestine. A single
line of melanophores extended from the anus to the caudal region along the
ventral midline.
The protolarval phase was completed between 9.0 and 10.0 mm.
Protolarvae had 28 preanal myomeres and 13 or 14 postanal myomeres (Table 1)
Finfold and Fins: Hypochordal rays were present in the caudal finfold at
9.6 mm (Figure 2). The complete complement of caudal fin rays and the
bilobed outline of the caudal fin were attained between 11.5 and 12 mm
(Figure 3) . Dorsal fin rays began to form in the dorsal finfold between
10 and 11 mm. The dorsal finfold between the developing dorsal fin and
the caudal fin diminished in size throughout the mesolarval phase and
was not present on most specimens larger than 13 mm (Figure 4) . Anal fin
rays began to form at about the same length as did the dorsal fin rays,
but developed slightly slower (Table 1). The complete complement of
dorsal and anal fin rays was attained primarily between 14 and 15 mm
(Table 1). The smallest specimen to develop pelvic fin buds was 13.2 mm;
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3.
Mesolarva,
12.6
mm
TL.
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however, most specimens developed pelvic fin buds between 14 and 15 mm.
The transition from the mesolarval to the metalarval phase occurred
between 13.2 and 15.3 mm (Figure 4). The ventral portion of the finfold
persisted to the end of the larval period which occurred at about 23 mm
(Figure 6) .
Pigmentation: The dorsal body pigment pattern on mesolarvae up to
approximately 11 mm remained essentially the same as that described for
protolarvae. On larger mesolarvae, the melanophores formed two distinct
bands, each about 2 to 3 melanophores wide (Figure 3). Scattered
between the bands and onto the dorsolateral surface to the mid-lateral
band in the largest specimens were numerous smaller melanophores, giving
the impression of a uniform dark coloration to the dorsal surface of the
body (Figure 5) . The double band pattern becomes less distinct after
about 30 mm.
The line of mid-lateral pigment expanded to form a wide band of
small chromatophores on specimens between 11 and 13 mm which was located
below the midline of the body (Figure 3) . The band extended anteriorly
across the opercle, through the eye onto the snout, premaxillary, and
the tip of the mandible. Posteriorly the band extended across the caudal
peduncle. The caudal spot on mesolarvae greater than 13 mm and on
metalarvae was more prominent than in protolarvae and smaller mesolarvae
(Figures 3 and 4). The caudal spot was primarily on the caudal peduncle.
The concentration of pigment at the tip of the urostyle formed a well
defined elongated spot between 10 and 11 mm which persisted to the end of
the metalarval phase at approximately 23 mm (Figures 2-5) . Pigmentation
on the caudal and pectoral fins continued to develop during the mesolarval
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and metalarval phases. There was no pigmentation in the median finfold,
in the future positions of the dorsal and anal fins prior to 12 mm when
the first fin rays began forming. As fin ray formation progressed,
pigmentation became more intense, particularly in the dorsal fin. Most
melanophores in all fins were either on or closely associated with the
fin rays and by about 17 mm, each fin ray was bordered with pigment (Figure 5)
Chin pigmentation, which was variable in protolarvae, was more
prominent in the mesolarvae, metalarvae, and juveniles (Figures 3 and 5).
The "V" pattern of melanophores ventral to the heart was present throughout
the mesolarval phase, but disappeared during the transition to the
metalarval phase between 13 and 15 mm. The prominent extensions of the
"V" pigment pattern began to fade in early metalarvae (greater than 14 mm)
and had completely disappeared at the end of this phase. Early in the
mesolarval phase, a series of melanophores developed on the ventral,
posterior edge of the opercle. This series was prominent throughout the
mesolarval phase, but began to fade during the transition to the metalarval
phase. It was completely absent by approximately 21 mm. The prominent
mid-ventral line of caudal pigment was present on all specimens examined.
Squamation: Scales were first visible on the caudal peduncle of a23 mm
specimen. Scale coverage spread anteriorly and by 26 to 27 mm approximately
40 percent of the body surface was covered. Squamation was essentially
complete by about 33 mm when scales were present over the entire body
surface except the belly. The pattern of scale formation was essentially
similar to that illustrated for the fallfish by Reed (1971).
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DISCUSSION
The creek chub is readily separable from the golden shiner, spotfin
shiner, and fathead minnow on the basis of its greater length at a given
stage of development. Separation of creek chub from its congenor, the
fallfish (Semotilus Corporalis) , during the larval period is not possible
based on the information presented by Reed (1971) . This was not a problem
in this study because the fallfish does not occur in Wisconsin (Becker and
Johnson 1970) . Specimens larger than 18 mm may be distinguished on the
basis of the size at transformation to the juvenile period and the onset
of squamation both of which occur at 18 mm for the fallfish; whereas these
events occurred at about 23 mm for the creek chub. At lengths greater than
23 mm, the position of the pelvic fish relative to the dorsal fin should
be a useful distinguishing character. According to Hubbs and Lagler (1974),
and Scott and Crossman (1973) , the insertion of the dorsal fin is posterior
to the base of the pelvics in the creek chub, but is directly over the
pelvic fin base in the fallfish. The relative position of these fins in
the creek chub became stable at about 16 mm, just after the appearance of
the pelvic fin buds. Based on the illustrations presented by Reed (1971),
it appeared that the dorsal and pelvic fins were still converging slowly
between 18 mm and 32 mm. Juveniles larger than about 33 mm can be
separated using the characters presented in Hubbs and Lagler (1974) .
Protolarval creek chub have a higher preanal myomere count than the
cut lips minnow, blacknose dace, and longnose dace; however, the difference
is not large enough to differentiate it from the cutlips minnow or the
longnose dace. The cutlips minnow absorbs its yolk sac and makes the
116
transformation to the mesolarval stage at a considerably smaller size than
does the creek chub (Table 2) . Longnose dace can be separated from the
creek chub on the basis of its larger snout (5 percent versus 2 percent of
total length) and its shorter preanal length (43 percent versus 47 percent
of the total length) (Fuiman and Loos 1977). In general, after the
protolarval phase, developmental events in the creek chub occur at
greater lengths than do those in the cutlips minnow, blacknose dace,
and longnose dace.
Mesolarval creek chub can be identified by their larger size and
the presence of a well defined spot of pigment at the tip of the urostyle.
This spot was not reported by Fuiman and Loos (1977) for the daces or by
Fuiman and Loos (1978) for the cutlips minnow. Additionally, the caudal
spot on the daces lies primarily at the base of the caudal rays while on
the creek chub, it is at the end of the caudal peduncle. Fuiman and Loos
(1977) observed that the protrusion of the snout of the longnose dace
began in the mesolarval stage. In the creek chub, the snout never
prominently overhangs the mouth.
Metalarval creek chub can be separated from the daces and the cutlips
minnow by the absence of a frenum which is present in these three species.
Additional distinguishing characters of the creek chub include the presence
of a faint double band of melanophores on a background of small melanophores
on the dorsal surface of the body, the absence of a concentration of
melanophores along the base of the central rays of the dorsal fin (this
pigment is present only in the daces) , and the presence of a distinct
patch of pigment on the chin.
As juveniles, these species may be identified using the cyprinid
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Table 2 Preanal myomere counts and total length (mm) at the on set of selecteddevelopmental events for eight cyprinids.
f.
Estimatedc. Unavailabled. From Snyder etal (1976)c. From Fuiman and Loos (1978)
b. From Fuiman and Loos (1977)a- From Reed (1971)
ccc
18.533.0Squamation complete ?33.5 ccc14.918.0Squamation >23.0
15.613.820.314.5 - 16.114.0 - 17.313.5 - 17.118.0Juvenile period 23.0 ccc14.9ca 17.011.0 - 17.118.0All fins complete 19.2 - 23.0
9.08.19.511.0 - 11.612.011.0 - 12.014.0Metalarval phase 13.2 -15.3 ca 4.6cUrostyle spot 9.6 c9.911.012.0Caudal spot 9.3
ccc7.49.4ca 7.09.0Yolk absorbed 9.6 5.76.25.77.4 - 7.99.47.0 - 8.59.0 -10.0Mesolarval phase 9.0 -10. 0 fcount
(Protolarvae) ccc27 (26-27)26 (26-27)25 (24-26)29 CPreanal myomere 28phase 4.3 - 5.74.1 - 6.22.7 - 5.75.4 - 7.94.5 - 9.25.6 - 8.56.8 - 10.0Protolarval c
Pimiphales promelas'Pimiphales promelasNotropis spilopterus"Notropis spilopterus^Notemigonuscrysoleucas NotemigonuscrysoleucasExoglossummaxillingua ExoglossummaxillinguaRhinichthyscataractaeRhinichthysatratulus bSemotilus Corpora lis aSemotilusatromaculatusCharacterCharacter SemotilusatromaculatusCharacter SemotilusatromaculatusCharacter Semotilusatromaculatus Semotilus Corpora lis a Rhinichthysatratulus b Rhinichthyscataractae Exoglossummaxillingua Exoglossummaxillingua Notemigonuscrysoleucas Notemigonuscrysoleucas Notropis spilopterus^Notropis spilopterus" Pimiphales promelasPimiphales promelas'Protolarval c 6.8 - 10.0 5.6 - 8.5 4.5 - 9.2 5.4 - 7.9 2.7 - 5.7 4.1 - 6.2 4.3 - 5.7phasePreanal myomere 28 29 C 25 (24-26) 26 (26-27) 27 (26-27) c c ccount (Protolarvae)Mesolarval phase 9.0 -10. 0 f 9.0 -10.0 7.0 - 8.5 9.4 7.4 - 7.9 5.7 6.2 5.7Yolk absorbed 9.6 9.0 ca 7.0 9.4 7.4 c c cCaudal spot 9.3 12.0 11.0 9.9 cUrostyle spot 9.6 c ca 4.6Metalarval phase 13.2 -15.3 14.0 11.0 - 12.0 12.0 11.0 - 11.6 9.5 8.1 9.0
All fins complete 19.2 - 23.0 18.0 11.0 - 17.1 ca 17.0 14.9 c c cJuvenile period 23.0 18.0 13.5 - 17.1 14.0 - 17.3 14.5 - 16.1 20.3 13.8 15.6Squamation >23.0 18.0 14.9 c c cSquamation complete ?33.5 33.0 18.5 c c c
a- From Reed (1971)
b. From Fuiman and Loos (1977)
c. From Fuiman and Loos (1978)
d. From Snyder etal (1976)
c.
Unavailable
f.
Estimated
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key in Hubbs and Lagler (1974) or that published by Becker and
Johnson (1970).
In summary, the creek chub can be easily separated from golden
shiner, spotfin shiner, and fathead minnow, species which commonly
occur with it in Duscham Creek, based on the size at which most
developmental events occur. As larvae, the creek chub and its congenor,
the fallfish, cannot be distinguished based on available data. at lengths
less than 18.0 mm. The protolarvae of the cutlips minnow, blacknose dace,
and longnose dace are similar to the creek chub, but can be separated
using various morphological, morphometric, and meristic characters.
After the beginning of the mesolarval stage, creek chub can be identified
by their generally larger size at the onset of developmental events and
the presence of characteristic pigment patterns.
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SPATIO-TEMPORAL DISTRIBUTION OF CLUPEID LARVAE
IN BARKLEY RESERVOIR
Lee F. Graser
Division of Water Resources
Tennessee Valley Authority
Norris, Tennessee 37828
ABSTRACT
The. spatio- tempo not distribution. patterns of clupeid larvae weredescribed for a lotic area of Barkley Reservoir on the Cumberland River
In 1976. Daytime. clupeid catcher were consistently higher than night
catches. Peak clupeid densities {on. alllarval £>JLz<l groups at the. open
water station [maximum bottom depth approximately 12 m], occurred at
duAk In the upper strata (0-3 m) \u2666 Day-wight vertical distribution
patterns were observed {oh. even very small (2-5 mm) larvae. Evidence of
a very abrupt cessation of clupeid activity Is presented and
discussed. Turbidity, {low, temperature [1.z., thermocline) , £>lze. class ,
diel period [overall tight intensity as well as Kate, of change.}, gear
type., and tow speed can all contribute to the observed distributional
patterns of larval clupeids.
INTRODUCTION
Early works (Bodola 1966, Houser and Dunn 1967, Moser 1967, and
Taber 1969) have reported diurnal, horizontal, and vertical distributional
patterns for young gizzard shad (Dorosoma cepedianum) and/or threadfin
shad CD, petenense). Edwards et at* (1977) recorded the highest densities
of larval shad {Qotw&oma spp.) at the surface in Lake Norman, North Carolina
for both day and night sampling, This finding is in agreement with the
This article is a Government publication and not subject to copyright.
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earlier work of Netsch et at. (1971) in Beaver Reservoir, Arkansas.
Improved knowledge of these patterns was needed to refine entrainment
predictions and describe actual and/or predicted impact assessments
more accurately.
To define these types of distributional patterns more concisely,
sampling for ichthyop lank ton was conducted in 1976 at the Cumberland
Steam-Electric Plant, Cumberland River Mile (CRM) 103.0 on Barkley
Reservoir (Figure 1). A four-segment diel sampling schedule with defined
vertical and horizontal sample partitioning was used to obtain information
on the spatio-temporal patterns of clupeid larvae.
STUDY AREA
Barkley Reservoir is a Cumberland River impoundment approximately
103 km (64 mi) long with a surface area of 22,440 ha (57,920 acres) at
normal full pool, 108 m (354 ft) above msl. At the study area, CRM 103.8
(Figure 2), the reservoir is approximately 400 m (1,312 ft) wide and
12 m (40 ft) deep. Mean annual flow at this location is approximately
656 m /sec (23,163 ft /sec) . Flushing rate is approximately 16 days, and
characteristically, no thermocline forms in the area of this study because
of the lotic nature of the water body.
METHODS
During 1976, a four-segment sampling schedule was adopted. A set
of samples was taken biweekly during dawn, mid-day, dusk, and night periods
Day samples were taken between 12 noon and 4 p.m., and night samples were
taken between 12 midnight and 4 a.m. Twilight samples (the dawn and dusk
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sets) were scheduled on a sliding timetable so that sampling began
approximately one hour before first light or one hour before nightfall
and then extended through the changing light period. There was a minimum
of two hours between successive sample sets.
The gear employed was a 0.5 m square-beam net towed off the port side
of the boat at 1.0 m/sec. A flowmeter mounted in the net mouth was used
to measure volume filtered (approximately 150 m /10 -minute sample). Net
design and use in the field are such that essentially full vertical
sampling integration of the chosen stratum was achieved with minimum
(substantially less than 1 percent) contamination from undesired strata.
Further details of this gear and sampling procedure are found in Graser
(1977, 1978).
Each diel set consisted of six towed net samples which spanned the
full depth of the water column. Stations at approximately 20 percent,
40 percent, 60 percent, and 80 percent of the river width were selected.
Stations 2, 6, and 8 (Figure 3) were sampled with full stratum tows
(bottom to surface). Station 4, the main channel of the river, was
sampled with three consecutive tows; surface to 3 m, 3 m to 6 m, and 6 m
to the bottom (approximately 11 to 12 m) .
All samples were immediately preserved in 10 percent Formalin and
transported to the laboratory., Eggs and all fish were identified to the
lowest possible taxon using polarized stereomicroscopy and available
taxonomic keys (e.g., Hogue oX al.1976, May and Gasaway 1975, Taber 1967).
Catch data were converted to densities (number per 1,000 m ) based on
volume filtered measurements and catch per haul.
This report focuses on the diel (dawn, day, dusk, and night)
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Figure 1. Location of the
Cumberland Steam Plant
Study Area in the Tennessee
Valley.
Figure 2. Location of the
sampling station at
Cumberland River Mile (CRM)
103.8.
Figure 3. Stations and
strata sampled at CRM 103
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distributional patterns observed at the combined stations with primary
emphasis on day versus night catches of Clupeidae. The vertical distributional
changes of clupeids observed at Station 4 will also be examined.
RESULTS
Examination of the towed net data showed that seasonal densities for
total fish were highest for the day segment samples (Figure 4) reaching
5,934/1,000 m ,while the night samples were recorded as 1,786/1,000 m .
Shad (clupeids) contributed to the main portion of these numbers peaking
at 5,828/1,000 m for the day segment and 1,655/1,000 m3m3 for the night
segment. Non-shad were recorded at 105/1,000 m during the day and 130/
3 31,000 m during the night with a peak of 162/1,000 m during the dusk
segment. Based on a mean of 30 cove rotenone samples taken during 1974-
1976, the ratio of numbers per hectare of gizzard shad {QotiQAQma. cepedianum)
to threadfin shad (D. petenense) to skipjack herring (Alosa chrysochloris)
was 191:144:1 in Barkley Reservoir (Tennessee Valley Authority 1977). A
comparison of day and night catch densities by sample period showed that
daytime clupeid catches were consistently greater than night catches
(Figure 5). The only sampling dates on which the ratio favored night
catches (4-20 and 8-23) were times when extremely few individuals (fewer
than 21) were captured. The greatest difference between day and night
catches occurred on 15 June when the day catch was almost an order of
magnitude (8.4 x) greater than the night catch. The seasonal peak of
clupeids (110,360 fish) occurred during this same period (Table 1).
The catch during this single sample period (15 June) constituted
64 percent of the seasonal catch of clupeids. During this same period,
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Figure 4. Seasonal densities of larval fish netted at all towed net
stations.
Figure 5. Day versus night (ratio of densities) for Clupeidae by sample
period.
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Table 1. Clupeid catch (numbers) by sample date and diel period for all
towed net samples during 1976 at the Cumberland Steam-Electric Plant
study area on Barkley Reservoir.
catches of other taxa were observed to increase slightly (Figure 6) from
day to night. Essentially, all the clupeid larvae caught during this time
period were Of two size groups, 0-5 mm and 6-10 mm. The greater portion
of the decrease in catch was represented by the 2-5 mm group (approximately
a 14-fold decrease from day to night).
18,19444,77567,89042,576173,435TOTALS
119-22-76
6179-8-76
14335258-23-76
7141819588-9-76
2814260763067-26-76
1635624843171,5267-13-76
6481,8101,3211,1064,8856-29-76
5,14429,47349,22826,515110,3606-15-76
5,5194,5665,8785,82221,7856-2-76
5,1636,0068,9134,22924,3115-18-76
1,4802,1151,9694,43610,0005-4-76
218314511694-20-76
114-7-76
T113-23-76
NightDuskDayDawnCatchDate
PeriodDielByCatchTotal
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The stratified sampling data from Station 4 were used to describe
changes in vertical distribution. The sum of the day sample densities at
Station 4 (surface, midwater, and bottom) was higher overall than the
night sample sum (Figure 7). This trend is similar to that of the seasonal
data for all stations (Figure 4). Seasonal clupeid densities in the surface
and midwater strata were higher than those of the bottom strata during the
day while the reverse was true at night (Figure 7) . This same trend was
observed for the vertical distributions for clupeid larvae of size groups
2-5 mm and 6-10 mm (Figure 8). The 11-15 mm clupeid group showed a shift
toward more even distribution at night while the day segment samples still
showed higher densities at the surface. The 16-20 mm and 21-30 mm clupeid
groups showed a prominent peak at the surface for dusk segment samples
(as did all the smaller size groups) and irregular catches in other strata
and diel periods. Catch was zero for 21-30 mm larvae and was very irregular
for 41-50 mm larvae. Larvae 50 mm and longer were recorded only at night
in the surface and midwater strata (Figure 8). Vertical distribution
examined by size group and sample period (for groups and periods of greatest
abundance, Figure 9) showed that the previously noted surface and midwater
shift of concentrations by day and the reverse at night was again the case.
The confusing picture of dawn and dusk distributional patterns may
be clarified somewhat by a closer examination of the clock time for these
respective sample sets as compared to actual sunrise or sunset. Dawn
distributions which more closely resemble the night segment distributions
(periods 5 and 6, 2-5 mm size group, Figure 9) were in fact sampled
substantially earlier (before sunrise) than dawn sets of the period 7 sets.
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NIGHT
Figure 7. Seasonal distribution of all clupeid larvae sampled at Station 4
by diel period.
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Figure 8. Seasonal distribution of clupeid larvae sampled at Station 4
by size group (mm) and diel period.
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DISCUSSION
Larval shad were recorded first on 7 April (5 mm larvae) and were
present in samples through 9 August (7 mm larvae) , indicating an extended
spawning season of 17-18 weeks. This is a more prolonged period than the
15 -week period reported by Edwards at at. (1977) for Lake Norman in North
Carolina and also longer than the 11-12 week period reported by Netsch at at
(1971) for Beaver Reservoir in Arkansas. Edwards at at. (1977) reported
few newly hatched shad (4-6 mm) in his collections. Our collections
showed high abundance of newly hatched shad (2-5 mm) as did those of
Netsch at at. (1971) who reported concentrations as high as 90 percent
for 3-6 mm shad from collections early in the spawning season.
Although mesh size of the net was a variable among these studies, it
is not felt that this was the controlling factor. Edwards at at. (1977)
and Netsch at at. (1971) both used 0.79 mm mesh while our study used 0.5 mm
mesh. Subsequent sampling on Lake Norman (Cloutman, personal communication)
with a finer mesh net (0.5 mm) has yielded the same lack of newly hatched
shad (4-6 mm) as was previously reported. There seem to be basic differences
among these three reservoir systems (Barkley Reservoir, Lake Norman, and
Beaver Reservoir) .
Netsch at at. (1971) and Edwards at at. (1977) both indicated that
the shoreline areas were likely spawning areas because of higher densities
of small larvae observed in these areas and low densities observed in
channel areas. This is in agreement with the spawning behavior of Dorosoma
-6pp. observed by Shelton (1972) . The lotic nature of the Barkley Reservoir
study area probably contributed somewhat to the high densities of larval
133
shad observed in the mid-channel area (Station 4). Horizontal (shore-to-
shore) distributional patterns in Barkley Reservoir have not yet been
analyzed.
In contrast to the findings of other authors (Netsch et at, 1971,
Edwards it at, 1977) daytime clupeid densities in Barkley were consistently
higher than nighttime densities. Several compounding factors may have been
contributing to these observed differences. Netsch et at, (1971) noted
less day-night density differences in the turbid, more lotic water of his
upper two reservoir stations than from the clear lentic water of the lower
stations. A similar observation was reported by Cloutman (personal
communication) . This may support the theory of poor visibility acting to
reduce avoidance capability and thus increasing catch.
The study area on Barkley Reservoir was generally a lotic area. This
is in contrast to Lake Norman (Edwards oX at, 1977) and the Beaver Reservoir
downstream stations (Netsch <l£ at, 1971) which were more lentic in nature.
The flowing water of our study area might have influenced distributional
patterns.
As larval fish grow, their swimming mobility certainly increases and
they may also change behavioral patterns as they progress through the various
early life stages. Edwards at at, (1977) and Netsch et at, (1971) conducted
their diel sampling over limited time periods. The data presented here span
the entire season and therefore may be less affected by the prominence
(i.e., behavior) of a specific size class group.
Differences among the collection gear used may also have influenced the
observed distributional differences. Netsch et at, (1971) and Edwards oX at
both used a bridled net towed from the stern of the boat. Our study used a
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bridleless net towed from the port side of the boat away from both boat
and prop wash. Unbridled nets have been shown to yield significantly higher
catches (Quirk at at. 1976, Smith 1972), most likely because (1) bridles
vibrate and may cause pressure waves in the net mouth (Clutter and Anraku
1968, Fleminger and Clutter 1965), and (2) fish have been shown to be very
sensitive to changes in pressure (Knight-Jones and Quasim 1955) . The
churning effect of the boat/prop wash (noted as a problem by Netsch <lt at.
1971b) combined with bridle effects may broadcast a considerable advance
warning, thus allowing larvae to perceive and avoid the net. Such an
avoidance capability would be expected to be greater during day periods
when visual perception of the moving net would be easier. The tow speed
used by Netsch et at. (1971) for the diel work was 0.8 m/s. A slow tow
speed can undoubtedly increase avoidance success by larvae. A change in
tow speed from 0.8 m/s to 1.2 m/s with a bridleless 1.0 m net has been
shown to yield a significantly higher (approximately triple) catch (Texas
Instruments, Inc., 1977). Tow speed thus appears to be a much more
important variable than previously imagined.
Netsch et at. (1971) and Edwards et at. (1977) both reported an
association between the depth of the thermocline (approximately 5 m in
both studies) and the distribution of larval shad; greatest densities
occurred at or above the thermocline. No thermocline was noted in this
investigation.
The observation by Shelton (1972) that young Dorosoma -6pp. larvae
exhibit a positive phototaxic response is supported by the distributional
trends observed in this study (Figure 8) . The day and dusk distributions
illustrated a surface concentration of larval densities in contrast to
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the bottom bias observed at night, thus indicating a capability for vertical
migration by even very small larvae (2-5 mm) . Houde and Forney (1970)
observed a photopositive response for newly hatched walleye (Stizostedion
vitreum vitreum) larvae and sustained surface-oriented photopositive
swimming for early post larvae (9.5 mm TL) walleye. The vertical density
gradients (i.e., vertical migrations) they observed were attributed to
this swimming ability.
The striking difference between day and night catches (8.4 x observed
on 15 June, Figure 6) could not be fully explained. Since other taxa from
the same samples showed slight increases in density between the day and
night catches, the clupeid decrease was apparently real and not an artifact
of aberrent sampling technique or gear. River flow was fairly constant
throughout the sampling period (Figure 6) and was not a likely causal
factor. Water temperature also remained relatively constant through
the sampling period (15-16 June) .
The observed decrease may have resulted from an abrupt cessation of
hatching, because the greater portion of this observed decrease was largely
represented by newly hatched larvae (2-5 mm) which are less than one or
two days old (Shelton 1972) . Since these fish are at least one or two
days old, this "cessation of hatching" must have occurred one to two days
previous to the sample date. Itmay have been an artifact of an extremely
intense short-term spawn or resulted from changing physico-chemical
conditions of the water of 13-14 June (among them; temperature, 02,0 2, chemistry
(natural or man -induced) , etc.) which either caused a cessation in spawning
or caused eggs to cease development. The precise physico-chemical limits
of the study area one to three days previous to the sample date were not
definable.
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Given the positive phototaxis of young shad larvae noted by Shelton
(1972) and the capability for vertical migration suggested by the data
from this study, it would follow that during periods of changing light
(dawn and dusk) , shad larvae would be actively "migrating" in response
to the changing light stimulus. Thus, dawn and dusk would be transition
periods between nighttime and daytime distributions. The distributional
patterns during these periods (dawn and dusk) would therefore likely be
very dependent upon the precise timing of samples taken with respect to
the changing light conditions. For example, dawn samples taken early
(during dark conditions) would be expected to reflect the night
distributional pattern and conversely dawn samples taken later (during
light conditions) would be expected to reflect the day distribution
pattern. To an appreciable extent this was the pattern observed during
sample periods 5, 6, and 7 (six of six dawn and dusk periods for 2-5 mm
fish and four of six periods for 6-10 mm fish, Figure 9).
Distributional observations were further compounded by the fact that
as larvae increase in size their swimming mobility greatly increases and
these larger larvae might be expected to "react" more swiftly in changing
from daytime to nighttime distributional patterns. Larger fish are also
more capable of net avoidance. Thus, distributional patterns of fish
larvae appear to be more highly size specific (i.e., size dependent)
than has been previously acknowledged.
There appear to be many interacting factors which must be understood
before defining distributional patterns of fish larvae. Turbidity, flow,
temperature (i.e. , thermocline) , size class, diel period (overall light
intensity as well as rate of change), gear type, and tow speed all seem
to contribute to observed distributional patterns.
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SOME ASPECTS OF THE ECOLOGY OF LARVAL FISHES
IN ROUGH RIVER LAKE, KENTUCKY
Greg A. Kindschi, Robert D. Hoyt and Gary J. Overmann
Department of Biology, Western Kentucky University
Bowling Green, Kentucky 42101
ABSTRACT
Some. aspects oh the ecology of larval and juvenile fishes were
investigated -in Rough. River Lake,, Kentucky, April through August,
1978. Larval fish were collected weekly from the, upper reaches oh the,lake, from the surface and bottom, during daylight and dark periods.
Twenty-three species and 3 categories oh unknown larval and juvenile
fishesnephew anted by 177,1 19 £ndlvZduah> were collected. White bass
and logperch were the fisrt to appear on April "IS with surface water
temperatures oh 18 .5 C. Gizzard shad larvae dominated net collections
while Lepomis -6pp. were the second most abundant. Larvae were primarily
concentrated near the surface and taken mostly at night, larval
concentrations wene greatest on May 30. Throughout the study, specimens
were collected mainly along the shorelines. Growth rates oh most taxa.
generally lagged early hi llhe Increasing greatly ahter the first 6-8
weeks, light traps supported the surhace - night distribution patternfor several species. Piscivory was observed in white bass 10.5-25 mm
total length on gizzard shad, and logperch 16.5-17 mm total length on
unknown larvae and suckers.
INTRODUCTION
In recent years, a greater demand has been placed on aquatic
environments by energy needs, recreational interests and the necessity for
regulating water levels and supplies. Because year class strength of fish
is generally considered to be formed during the first year of life (Kramer
and Smith 1962) , these demands have placed increased stress on fish
This study was supported by the National Marine Fisheries Service,
NOAA, and the Kentucky Department of Fish and Wildlife Resources, under
PL 88-309, Project Number 2-303-R.
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populations. Large numbers of larvae can be entrained at power plant
intakes (Nelson and Cole 1975) and changing water levels can greatly
alter the spawning success of certain species (Storck et al, 1978;
Webb and Moss 1968) . Additional knowledge of the early ecology of
fishes will enable biologists to know the effects of these demands during
critical periods of development and allow water level manipulations and
other usage regimens that provide for more efficient fisheries management.
Developmental stages of certain larval fishes have been described by
McCrimmon and Swee (1967) , Cooper (1978) ,Wrenn and Grinstead (1971) and
Meyer (1970) under laboratory conditions. Ecological studies concerning
spawning chronology, distribution, occurrence and abundance of larvae are
numerous but usually refer to one particular taxon (Morgan 1954, Hubbs
1921, Swedberg and Walburg 1970, Werner 1969) or make no mention of
developmental stages, growth or behavioral relationships (Nelson and Cole
1975, Storck <lt at. 1978, Walker et at, unpublished report, and others).
This study was undertaken to investigate spawning periods, diversity,
density, temporal and spatial distribution, developmental stages, piscivory,
and observe growth patterns of larval and juvenile fishes in the headwaters
of Rough River Lake, Kentucky.
STUDY AREA
Rough River Lake is a small impoundment in the Green River watershed
in west-central Kentucky. The Lake was impounded in 1961 with the construction
of an earthen-fill dam at River Kilometer 143.7. The lake impounds 62.8 km
of the Rough River at seasonal pool with an average surface of 2,345 ha,
•2
and a total volume of 140 million m of water. The lake has a drainage area
2
of 1180 km in Breckinridge, Grayson, and Hardin Counties.
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METHODS AND MATERIALS
One permanent collecting station was established on the South Fork
of the Rough River, 0.2 km upstream from the mouth of Peter Cave Creek
(Figure 1). This station was approximately 200 meters in length and was
divided into seven tow zones. Four tows were made at the surface, one each
along the shoreline, and one each one- third the width of the lake from each
bank. Two tows were made along the floodplain bottom, approximately 6m in
depth, one on each side of the river bed, while the last tow was made along
the bottom of the river channel, approximately 10 m in depth.
Larvae and juveniles were sampled from March 29 through August 31, 1978
with conical plankton nets 3 m long with aim circular mouth. Net mesh
size was 0.8 mm. The net bridle consisted of a ring of 9.5 mm diameter
stainless steel rod tied outside the net mouth with 3, 1.3mlengths of
nylon rope tied equidistantly around the net mouth and connected together
in front of the net. A 7.62 cm diameter, 35.6 cm long PCV collecting
bottle was attached to the cod end of the net. A digital flowmeter
suspended in the center of the net mouth determined the volume of water
filtered. Nets were towed at approximately 0.5 m/s for 7 minutes and
•7
filtered approximately 250 m of water.
Collections were made twice weekly from March 29 through May 26, 1978.
One collection was made during daylight and one during dark periods. A day
and night collection was taken once weekly from May 30 through August 31,
1978. Net tows were made on the surface by attaching a styrofoam block
to the bridle ring, while bottom pulls were made with the aid of a 15 kg
depressor. Specimens were washed from the net bottle into sampling jars
and fixed in a 5% formalin solution.
142
Figure
1.
Map
of
Rough
River
Lake,
Kentucky,
showing
the
collecting
station.
143
Larval traps were designed and used to determine nocturnal
distribution patterns. Traps were constructed of wire screen, 0.3 mm
diameter, 1 m in length with funnels in each end and having 1 mm mesh.
Traps were set at the surface and about 6 m from April 12 through July
18, 1978. Two pairs of traps were set simultaneously, one pair lighted
with a 12 volt, auto tail-light bulb and one pair unlighted.
Larvae were sorted using a dissecting microscope and identified with
keys by May and Gasaway (1967) , Nelson and Cole (1975) , and Hogue <lt at,
(1976) . Specimens that could not be identified were sent to the Tennessee
Valley Authority Larval Fish Laboratory in Norris, Tennessee. Closely
related species groups such as smallmouth and black buffalo, black and
white crappie, and bluegill and longear sunfish were combined into single
categories because existing keys could not separate them.
Developmental stages used in the study were similar to those used
by May and Gasaway (1967) . Total lengths of from up to 15 individuals
from each net tow were measured with a maximum of 75 measurements being
used per collection. Growth statistics including standard deviation,
standard error of the mean, range and median were calculated. Subsampling
methods were used to count shad, white bass, crappie and sunfish species
from samples collected from May 30 through June 20, 1978. Stomach contents
were examined for piscivory from a subsample of all larval fish except shad
RESULTS
Twenty-three species and three categories of unknown larval and
juvenile fishes represented by 177,119 individuals were collected at the
South Fork Station from April 15 through August 31, 1978 (Table 1). Four
taxa represented more than 99% of the total including gizzard shad (79%) ,
144
Table 1. Larval species and number of individuals collected in day and
night samples from Rough River Lake
Tennessee.Fish Laboratory, Norris,
LarvalAuthority RegionalValleyat the Tennessee*Identified by personnel
tr211Unknown.' GypJvwiidA
tr101Campos toma anomatum
tr24222MicAopt&AuA 6olmoi.di6
0.119717918ictaZuAuA punctcutuA
tr110AphsuzdodeJiuA AayanuA
tr81873AplodinotuA gKumA.&vtt>
13.123200179085292LzporrUA i>pp.
tr643826Lab;Ld&>th&6 A^ccutuA
tr330CottuA caAjolinat
tr13112Unknown CcuttUtomidb
tr110Moxo&toma. 6pp.*
tr101hilnytAtma moJUivioph*
tr321CcutoAtomuA cjomme/uoYU*
tr220EthtoAtoma &pp.*
tr532Unknown Darters
4.2736938703499Porno xJJ> App.
tr76688CyphZnuA canp-Lo
tr36315TctiobuA App.
79.214026810648033788Voh.oi.oma. c.2.p&dianum
tr1084464V&ftQAMOL COp/LOdoJ>*
3.2564741001547Morone chrysops
Total
% ofTotalNight
N
Day
N
Species
145
Table 1. Continued.
sunfish species (13%), crappie (4%), and white bass (3%). Only nine species
and/ or taxa were represented by more than 60 individuals in the study.
White bass and logperch appeared first while sunfish appeared last (Figure 2)
Gizzard shad and crappie were present as larvae at the collecting station
for the longest interval, 15 and 13 weeks, respectively.
The first larvae appeared on April 15 when water temperatures were
18.5 C and 15.5 Cat the surface and bottom, respectively. Larvae continued
to appear in the samples until August 31 when the surface temperature
reached 28 C and the bottom temperature 24 C. Pool elevation reached
normal summer pool level, 151 m msl, the week of April 30, but increased
nearly 3 m during the week of May 14. Two weeks later, larval densities
peaked at 3,689/100 m .
Larval and juveniles were most abundant at the surface throughout
most of the study (Figures 3-6) . Bottom densities exceeded surface densities
on only four dates: April 15, June 20, June 27 and July 11. Generally,
surface and bottom larval densities showed a similar pattern, but bottom
177,119132,78644,333TOTAL
tr220mbloptuteA Kapt^ViUi
tr752CLtaluuiuA meZab
tr101ctahvwA ncutaLu
tr110!otivun> miuAui>
tr660}Zm&pk<ileJi notatuiA
Total
% ofTotalNight
N
Day
N
pecies
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Figure 2. Time of occurrence and duration of larval species in Rough River
Lake, Kentucky, April 15 through August 1978. Vertical lines represent
last larvae to appear; slashed line represents first juvenile observed.
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Figure & Densities of the major species collected at the surface during
daylight hours on Rough River Lake.
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Figure 4. Densities of the major species collected at the bottom during
daylight hours on Rough River Lake.
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Figure 5. Densities of the major species collected at the surface during
the night on Rough River Lake.
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Figure 6. Densities of the major species collected at the bottom during
the night on Rough River Lake.
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densities were lower and lagged one week. Surface -bottom densities varied
according to season, length and developmental stage of the larvae and
species composition (Figures 3-6). Maximum densities in all surface -bottom
and day-night samples occurred before June 20. Densities were greater at
night than during the day for most species. Gizzard shad collected on the
surface during the day and sunfishes on the surface at night exhibited a
marked bimodal density pattern (Figures 3 and 5) . Fish densities at night
were three times greater than during daylight hours during the study.
Throughout the study, shad, sunfish species and white bass were most
abundant along the shorelines. Catfish were always most abundant in bottom
samples, while crappie occurred near the surface early in the study and
deeper later.
White Bass - Along with logperch, white bass were the earliest appearing
larvae (Figure 2). Larvae were collected from April 15 through June 27.
Based upon total lengths, two apparent spawns occurred as small specimens
were taken on April 16 and 23 and later on May 28 (Figure 7) . They were
commonly taken near the bottom during the day and at the surface at night
(Figures 3-6). Maximum densities of 100/100 m occurred on May 30. For
the first 8 weeks, specimens averaged 0.56 mm growth/week. Prolarvae
ranged from 4-7 mm, early postlarvae 7.5-12 mm, late postlarvae 13-32 mm
and juveniles 27 mm and greater. Juveniles first appeared on June 20.
Logperch - Larvae were collected from April 15 through June 13 and were
primarily taken at the surface in day and night samples (Figures 3-6) .
Densities were low, a maximum of 1.45/100 m on May 23, and growth
averaged 1.4 mm/week for the first 3 weeks. Prolarvae ranged from 7-10 mm,
early postlarvae 8-14 mm, late postlarvae 14-19 mm and juveniles 19+ mm.
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Juveniles were first observed on May 23
Gizzard Shad - Prolarvae were first collected on April 26 at 15.5 C, while
eggs were first collected on April 30 attached to shoreline vegetation and
debris at 16.5 C. Prolarvae were collected from April 26 through June 20
and again on July 11. Larvae at some stage of development were present from
3April 26 through August 1 (Figure 2) . Larval densities averaged 882/100 m
from May 23 through June 20 with the maximum, 1771/100 m ,occurring on
May 30. Prolarvae ranged from 5 to 10 mm, early postlarvae 9 to 19 mm,
late postlarvae 14.5 to 25 mm and juveniles 23+ mm.
Buffalo spp. - Eggs collected from fish observed spawning in shoreline
vegetation on April 30 at 17.5 C hatched in the laboratory in 170 hours at
19 C. Larvae were present from May 6 to May 30 and collected mainly at
the surface. Prolarvae ranged from 5-7.9 mm and early postlarvae from
7.6-9.1 mm.
Carp - Eggs attached to shoreline vegetation and debris were collected
on April 30. Larvae were collected from May 11 through June 13, mostly
near the surface at night. Prolarvae ranged from 5.5-7.5 mm. No late
postlarvae or juveniles were taken.
Crappie spp. - Larvae were collected from April 30 through July 25 (Figure
2). No prolarvae were taken. Early postlarvae ranged from 4 to 11 mm,
late postlarvae 11.5 to 19.5 mm, and juveniles 19+ mm. Juveniles were
first taken on June 13. The maximum density, 130/100 m ,occurred on
June 6. Specimens less than 20 mm total length were taken mostly in
shoreline areas while larger individuals were collected in deeper water.
Brook Silverside - Specimens were taken from May 30 through August 1
(Figure 2). Growth averaged 1.6 mm/week for the first 5 weeks and the
species required a length of 30 mm to reach the juvenile stage. No
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prolarvae were taken and juveniles first appeared on July 11.
Sunfish spp. - This group included at least two species, the bluegill
and longear sunfish. Larvae were taken from May 30 to August 25. Because
of the protracted spawning period, 12 to 13 weeks for the collective species,
average weekly total lengths never exceeded 12 mm (Figure 7). Densities
3 \averaged 71/100 m per week with a maximum of 240/100 m on July 11.
Specimens were taken mostly along the shorelines at night. Prolarvae
ranged from 4.5 to 6 mm, early postlarvae 5 to 12 mm, late postlarvae
10 to 19 mm and juveniles 20+ mm. Juveniles appeared first on June 20.
Freshwater Drum - Larvae were collected from June 6 through July 5
(Figure 2). Of 81 specimens, 78 were prolarvae taken mostly from surface,
open water areas. Total lengths ranged from 4-16.5 mm and no juveniles
were observed.
Channel Catfish - Specimens were taken from June 13 through August 1 with
only late postlarval and juvenile stages represented. Most individuals
were taken in bottom samples at night.
Largemouth Bass - Twenty-four larvae were collected on June 13. Twenty-
two of these were taken at night, all but one on the surface. Total lengths
ranged from 14.5-33 mm and no prolarvae were taken. Early postlarvae
ranged from 14.5 to 16 mm, late postlarvae 16 to 22 mm and juveniles 21.5+ mm
Light Trap Data - Two lighted traps set from April 15 to August 1 collected
1445 larval and juvenile fish (Table 2). Five taxa were taken with sunfishes
comprising 80% of the total. Allbrook silversides, along with most
sunfish, were taken near the surface. Gizzard shad, logperch and crappie
were taken primarily on the bottom. No fish were taken in adjacent
unlighted traps .
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Figure 7. Weekly growth data of larval white bass and Lepomis spp. in Rough
River Lake, Kentucky, April through August 1978. Horizontal line is the
mean, vertical line the range, open box equals one standard deviation, and
the darkened box equals one standard error of the mean.
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Piscivory - All taxa, except gizzard shad, were examined for piscivory.
Only white bass and logperch ingested other larvae. Sixty white bass
stomachs representing four size groups collected on four different dates
were examined. Of 15 larvae ranging from 10.5-12 mm total length collected
on June 6, 1 gizzard shad was observed in the stomach of 1 individual
(Table 3). Fifteen bass from 16-20 mm taken on June 13 had 11 gizzard shad
in 11 stomachs, and 6 gizzard shad larvae were found in 6 stomachs from
individuals 22-25 mm taken on June 20. When piscivory was observed in
white bass, no other food items were present.
Twenty-three logperch stomachs were examined in individuals from
13.5-27 mm collected from May 19 to June 13 (Table 4). One unidentifiable
sucker was found in a logperch 17 mm total length taken on May 19. On
May 23, 2 unknown larvae were found in the stomach of 1 logperch 16.5 mm
total length.
Table 2. Species and number of individuals taken in light traps at the
surface and 6 m in Rough River Lake, April 15 - July 18, 1978.
044101,004TOTAL
0006Brook Silverside
02550920Sunfish spp.
03205Crappie spp.
0152073Gizzard Shad
0200Logperch
UnlightedLightedLighted Unlighted
eterssurfacepecies
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>Table 3. Piscivory observations in white bass from Rough River Lake
June 6 - June 27, 1978.
Table 4. Piscivory observations in logperch from Rough River Lake,
May 19 - June 13, 1978.
32123OTAL
00021.22713.04une 13
00015.51615.03une 6
00016.61915.55lay 30
22016.92014.06lay 23
10115.51713.55lay 19
(mm)
TotalNightDayxSize RangeNDate
1881060fALTO!
00028.03025.01527une
63323.82522.01520une
115617.22016.01513une
10111.21210.5156une
(mm)
TotalNightDayxSize RangeNDate
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DISCUSSION
Other investigators (Netsch et at, 1971, Nelson and Cole 1975,
Hess and Winger. 1976, Walker et at, unpublished report, and Davis and
Freeze 1978) have shown that clupeids dominate larval collections in
both river and lake environments during the warmer months . Sunfish
larvae were the second most abundant in this study, but species dominance
may change from year to year (Faber 1967) depending on water temperature
(Kramer and Smith 1962) and pool elevations (Walburg and Nelson 1966)
during spawning periods. Failure to collect substantial numbers of species
common to Rough River Lake such as buffalo and carp indicated perhaps a
low spawning success, that spawning took place primarily in other areas
of the lake, or that larvae moved to some undetermined habitat seeking
food and/or protection.
White bass and logperch larvae were the first collected in this study
on April 15. These same species were the first to appear in Nickajack
Reservoir, Tennessee (Walker <Lt at. unpublished report) . The surface
water temperature when the first larvae appeared (18.5 C) was slightly
higher than that reported in studies by Davis and Freeze (1978) and
Walker et at. (unpublished report) . This was due to an early pre-spawn
warming trend the end of March in Rough River Lake. Lepomis spp. had
the most prolonged spawning period, with prolarvae present through
August 10. A protracted sunfish spawn was also observed on the Cumberland
River (Hess and Winger 1976) .
Larval shad density was highest on 30 May, 5 weeks after the first
appearance of shad larvae and two weeks after a 3 m increase in lake pool
elevation. Netsch, nt at. (1971) observed peak shad densities in mid-June
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9 weeks following the onset of spawning. Hess and Winger (1976) observed
greatest concentrations in late June through July, but this was in the
Cumberland River where water temperatures rose less rapidly.
Three times more larvae were collected at night than day, possibly
because of reduced visibility resulting in less net avoidance. Walker
etat. (unpublished report) also reported greater densities of similar
species at night, but Storck et at. (1978) noted greater concentrations
of shad during the day.
The five most common species were most abundant along the shoreline
areas in water 1.5-2 m deep. Similar shoreline findings were reported by
Walker et at, (unpublished report) . This was expected, because most
taxa taken in this study spawn along the shoreline. Channel catfish
were most abundant in bottom samples because they school in deeper water
when young (Mansueti and Hardy. 1967). Crappie were taken near the surface
early in the study and deeper later. Nelson et at. (1968) reported that
crappie commonly move from shallow protected nursery areas into deeper
waters to feed as their size increased.
White bass were observed to have the fastest growth rate (3.89 mm/wk)
during the sampling period which was similar to that noted by Ruelle
(1971) in Lewis and Clark Lake. He also noticed a positive correlation
between water temperature, food availability and growth. Sunfish appeared
not to grow because the spawning season was protracted, several species
were possibly included within this taxon and larger individuals were able
to avoid the net. Channel catfish also appeared not to grow because of
continuous spawning, sometimes extending into September (Mansueti and Hardy
1967) .
Prolarval white bass were present from April 15 to June 6, indicating a
159
1.5-2 month spawning period at surface temperatures of 18.5-29 C. These
findings generally agreed with those of Ruelle (1971) and Webb and Moss
(1968) . It appeared that the early warming trend at the end of March
in Rough River Lake did not stimulate spawning but the cooling trend which
followed possibly inhibited it. White bass hatch at 3mm (Ruelle 1971),
but the smallest individuals taken in this study were 4 mm. Smaller
larvae may possibly have remained hidden in the substrate until reaching
this length or stayed in areas not sampled by our nets.
During daylight hours, white bass were primarily taken in deeper,
cooler water and at night came to the surface, probably to feed. From
April 30 through May 30, white bass prolarvae were taken mostly along the
east shoreline, an area having extensive gravel -rubble substrate areas,
substrates on which white bass have been known to spawn (Pflieger 1975) .
For the remainder of the sampling period, individuals were taken in
limnetic regions.
Logperch larvae, although not abundant, were taken mainly along both
shorelines. Walker oX at. (unpublished report) observed a similar
distribution pattern. Their occurrence in the limnetic habitat, as shown
by Fish (1932) and Faber (1967), was not observed in this study, possibly
because of the small size of the collecting station. Cooper (1978) noted
prolarval development from 4.5-6.9 mm under laboratory conditions at 16.5 C
In this study, yolk and oil were present in individuals up to 10 mm long
and none were taken less than 7 mm. Late post larval development (14-19 mm)
appeared earlier in this study than in Cooper's (1978) study (21 mm).
Spawning dates and water temperatures for gizzard shad appear to vary
yearly with latitude, but can occur from March to at least August 20 at
water temperatures from 10 to 21 C (Miller 1960). Prolarvae were present
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in this study from April 26 through June 20 indicating a 9 to 10 week
spawning interval at water temperatures from 15.5 to 29 C.
The peak gizzard shad density in this study occurred on May 30, 2
weeks later than noted by Houser and Netsch (1971) in northwest Arkansas.
During day and night collections, gizzard shad were taken mostly at the
surface which was also observed by Walker at at, (unpublished report) ,
but differed from Nelson and Cole (1975) and Houser and Netsch (1971) .
Developmental stages for gizzard shad were generally similar to those
observed by Mansueti and Hardy (1967) ,however they indicated prolarval
development to be from 3.25 to 6.5 mm. A yolk sac was still present in
individuals up to 10 mm in this study. Although no prolarvae less than
5 mm total length were collected, larvae hatched at 3.25 mm in the
laboratory.
Spawning by the smallmouth buffalo in Rough River Lake at 17.5 C
surface temperature conformed to the 15-23 C range reported for the
species by Hoyt at at. (1976). Eggs collected from the lake hatched
in laboratory aquaria in 170 hours at 19 C. Wrenn and Grinstead (1971)
observed that smallmouth buffalo hatched within 108 hours at 22 C. The
low number of buffalo taken was most likely the result of net avoidance
due to the movement of larvae into some undescribed habitat not sampled
in the study.
Although the number of smallmouth buffalo taken was too small to
define strata preferences, 31 of the 36 collected were taken near the
surface at night. Walker et at, (unpublished report) observed highest
numbers below 7.5 m during the day and random distributions at night.
Developmental stages and growth were similar to that reported by
161
Wrenn and Grinstead (1971) .
Carp were also present in numbers too small to establish their
distribution patterns. The greatest number of carp were taken on May 23,
1 week following peak pool elevation, indicating the spawning was
triggered by rising water. Storck et al. (1978) reported a similar
response to rising water. Prolarval development between 5.5 and 7.5 mm
was similar to observations by McCrimmon and Swee (1967) .
No prolarval crappie were taken in this study possibly because
they remained in shallow water, less than 1 m deep, until reaching
4.1 to 4.6 mm. Our gear could not sample these areas. Morgan (1954)
reported similar observations in describing prolarvae from 3 to 3.9 mm.
Young crappie were taken the first 4 weeks, mostly at the surface as
they left shoreline areas. Larger larvae were collected in deeper water,
possibly because of their feeding behavior and preference for cooler
water. Nelson it at. (1968) reported similar distribution findings.
Our observations on the brook silverside were in agreement with
the findings of those of Hubbs (1921) . He reported the limnetic presence
of postlarvae to be due to their leaving the shoreline for the protection
afforded by the open water. Prolarvae were not taken, probably due to
their shallow water nursery areas. In August, juveniles returned to
littoral areas as their diet changed from microcrustaceans to aquatic
and terrestrial insects (Pflieger 1975) .
Lepomis spp. had the longest spawning season of all the species in
the study, May 30 to August 10. Bluegill eggs have been known to hatch
by June 24 and become free-swimming 3 days later (Meyer 1970). Consequently,
longear and other sunfish species probably represented the majority of the
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larvae taken in this category in the latter weeks of the study. Greater
sunfish densities at the surface at night in this study were similar to
findings of Werner (1969) who noticed a vertical migration following
plankton movements at dusk. Storck et al. (1978), however, reported
greater densities during the day at the surface. Prolarval lengths were
the same as those noted by Werner (1969) .
Most drum collected on June 6 were prolarvae, indicating this to be
near the peak spawning period. Specimens were taken mostly in deeper
samples during the day similar to findings of Walker et al. (unpublished
report) and Swedberg and Walburg (1970) .
No prolarval or early postlarval channel catfish were collected since
they are known to remain in secluded, shallow nests for 7-8 days after
hatching (Pflieger 1975). Most individuals were taken at night, similar
to the report of Walker, et al. (unpublished report), but differed by
occurring mostly in deep samples.
Larval and juvenile largemouth bass were taken only on June 13, mainly
at night. Their capture came at a period of increased turbidity following
a rain, possibly explaining their increased vulnerability to capture.
Lighted traps proved to be an effective attractant for 5 taxa of larval
and juvenile fish. These particular species were more active at night and/
or were stimulated by light. Sunfish species, which are known to actively
feed on plankton at dusk near the surface (Werner 1969) ,made up the
majority of trap specimens. The low number of shad, when compared with
net catches, indicated the species to be less active at night or not
highly responsive to light stimulii. This observation might also explain
the greater night catches of larval and juvenile fishes, net catch success
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being a function of fish inactivity as well as reduced net avoidance due
to poor vision.
Piscivory was observed only in white bass and logperch. This larval
trait was probably the result of bass and logperch being present in an
advanced developmental state when the other larval forms appeared. Other
studies have shown that piscivory occurs in white crappie greater than
75 mm (Morgan 1954) or not less than 100 mm (Nelson oX at. 1968) and
in largemouth bass greater than 20 mm (Kramer and Smith 1962) . None
was noted in bluegill fry (Werner 1969) , in young-of-the-year drum
(Swedberg and Walburg 1970) or in channel catfish less than 100 mm
(Bailey and Harrison 1948) . These observations agreed with the findings
of this study, although piscivory was not noted in largemouth bass from
20 to 33 mm.
White bass piscivory was observed in specimens 10.5 to 25 mm total
length, mostly 10.5 to 20 mm. This length limit for maximum piscivory
on gizzard shad was a function of shad size being optimal for ingestion
by bass during that period and decreased as shad size increased. Clark
and Pearson (1978) noted that prolarval carp were the major food source
for white bass 7 to 12 mm standard length in the Ohio River, but observed
no piscivory in individuals larger than 12 mm. This abrupt change in the
diet was attributed to the lack of sufficient numbers of vulnerable size
larvae at that stage or an increase in zooplankton concentrations.
Stomachs of white bass from Rough River Lake contained no other food items
when shad were present. The energy provided by one large food item, plus
the energy saved in catching several small prey forms could be an important
factor in the development of this feeding behavior. Zooplankton was the
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major food category in the stomachs of individuals larger than 25 to 30 mm,
similar to the findings of Clark and Pearson (1978) .
Piscivory has not been reported for logperch. This species reportedly
feeds mostly on midge larvae (Clay 1975) and snails and small crustaceans
(Turner 1921). Gizzard shad capable of being ingested (6-10 mm) were
present at the time of piscivory by logperch, but apparently occupied
habitats preventing their coming into contact.
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TEMPORAL AND SPATIAL VARIATIONS IN ABUNDANCE AND SPECIES COMPOSITION
OF LARVAL FISHES IN CENTER HILL RESERVOIR, TENNESSEE
Richard A. Krause and Mike J. Van Den Avyle
Tennessee Cooperative Fishery Research Unit
Tennessee Technological University
Cookeville, Tennessee 38501
ABSTRACT
Larval fish were collected bi-weekly at {ive. main channel. sites of
Center Hilt Reservoir Way through August 1978 to assess spatial and
temporal variations in abundance, and species composition.. Larval Dorosoma
spp. , Lepomis spp, and Pomoxis spp. comprised over 97% of all specimens
collected. Analysis of variance -Indicated that Dorosoma abundance. varied
significantly between sample. sites, but density was not related to an
upsteram- downs tream gradient within the. reservoir. Lepomis and Pomoxis
showed significant spatial differences in abundance, within some, sample.
periods, but low catch rates during several periods made. overall analyses
inconclusive.. Localize.d variations in spawning stocks, water quality,
on. other environmental appear to have. be,e.n more important
regulatons of larval £c&fo density than upstream distance, from the. dam.
INTRODUCTION
Surveys of larval and early juvenile stages of fish can be used to
trace fluctuations in spawning stocks, forecast year-class strength
(Hempel 1973) , and assess the impact of water quality or other factors
on biological productivity. Knowledge of spatial and temporal variations
in abundance of larval fishes not only contributes to an understanding of
life history and population dynamics, but it can also lead to development
of management procedures for enhancing recruitment of young fish into adult
stocks .
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This study was conducted to describe spatial variations in abundance
and species composition of larval fishes that occupied the limnetic habitat
of Center HillReservoir, Tennessee. Emphasis was placed on variations of
larval fish abundance between sites within specific sampling periods and
upstream versus downstream areas of the reservoir.
STUDY AREA
Center HillReservoir was impounded in 1948 by the U.S. Army Corps
of Engineers for flood control and power generation. The reservoir has a
surface area of 7,373 ha and a mean depth of 29 m at maximum power pool.
The reservoir has a narrow, meandering mainstream channel and several large
embayments associated with major tributaries (Figure 1), but hydraulic and
water quality characteristics are dominated by inflow of the Caney Fork
River. Center Hillis monomictic and undergoes temperature -density
stratification from March through November (U.S. Army Corps of Engineers
1976). Water levels are usually lowest in winter and early spring, and
wide variations of inflow can cause extreme fluctuations of water level
during the spawning seasons of most game and forage fishes.
METHODS
Five mainstream sampling sites were established along the length of
the reservoir (Figure 1), and each was sampled bi-weekly at night from
o
early May until mid-August 1978. A 0.25 m Tucker trawl with a 505 micron
Nitex net was towed from the stern of a 5.75 m boat powered by a 85 hp
outboard motor. Two 6-minute tows were made at each site and time. The
net was lowered to a depth of 10 m, opened, and then raised 2 m at
1-minute intervals. From 4 May until 12 July, tows were made at a speed
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Figure 1. Map of Center Hill Reservoir, Tennessee, showing sample sites.
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of 1.0 m/s, and all subsequent samples were collected at 1.5 m/s. A
flowmeter suspended in the mouth of the net was used to estimate the
volume of water filtered during each tow.
Samples were initially fixed in 10% formalin. After sorting in the
laboratory, the larvae were stored in a solution of 5% buffered formalin
Specimens were identified to the lowest possible taxon using polarized-
light stereomicroscopy and the taxonomic key developed by Hogue <it at.
(1976) . All larvae were enumerated and measured to the nearest mm total
length.
3Catch rates were expressed as number of larvae per 1000 m , and
analysis of variance was used to compare densities between stations for the
entire study and within each sampling period. Examination of the relationship
between the variances and means of replicate density estimates (n = 2)
indicated a contagious distribution of the data for each genus. In this
situation, a logarithmic transformation is recommended (Taylor 1953) to
equalize the variances within the treatments (in this case, sites) for the
analysis of variance. Due to the presence of observations with values of
zero, ln(X + 1) was used, where X was the observed number of larvae per
3
1000 m in each tow. When analysis of variance indicated a significant
difference (0.05 probability level) in mean density between sites, the
individual station means were compared using Duncan's new multiple range
test (Steel and Torrie 1960) .
RESULTS
Shad {VoKo&oma.
-6pp.) , sunfishes (Lepomis -6pp.)* and crappies (Pomoxis
-6pp.) collectively comprised over 97% of all larvae collected (Figure 2),
and subsequent analyses willbe restricted to these groups. Shad over 18 mm
171
Figure 2. Species composition of larval fish collected from five sites
in Center HillReservoir, May-August 1978.
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total length were usually identified to species, however, due to the
inability to separate smaller gizzard (D, cepedianum) from threadfin shad
{D, pertenense) , data from both were pooled in all analyses. No attempt
was made to identify sunfishes and crappies beyond the genus level.
In general, Dorosoma. predominated the collections prior to mid-June,
and Lepomis was the most abundant group thereafter (Figure 3). Pomoxis
was intermediate in ranking before June, after which the group was rarely
collected.
Seasonal patterns of density were similar between stations for each
species group, which indicated that spawning occurred at approximately the
same time at all sites (Figure 3) . Dorosoma may have spawned earlier at
Station 1 than at the others, as indicated by the high density (1617 larvae
per 1000 m ) during the first sample period. At all other stations, shad
abundance was highest during early June. Lepomis abundance was highest
during mid to late June at all stations. Comparisons of average lengths
and length ranges for each species group showed no pronounced differences
in size between stations during the May and June sample periods (Figure 4) .
Although mean lengths of Dorosoma were more variable between sites after
July 8, the ranges generally overlapped. Therefore, the length data also
suggested that spawning times did not vary with reservoir position.
For Dorosoma a two-factor analysis of variance using transformed data
indicated that time, stations, and a time-station interaction significantly
affected mean density (Table 1). Duncan's new multiple range test showed
that Station 1, which was the farthest upstream, had significantly higher
mean catch rates than all other sites (Table 1). Station 5, which was
nearest the dam, was ranked second highest in abundance, which indicated
that there was no pronounced gradient of shad density with reservoir length
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Figure 3. Density of larval Dorosoma spp., Lepomis spp., and Pomoxis spp.
at five sites in Center HillReservoir, May-August 1978.
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Table 1. Two-factor analysis of variance and multiple range tests for
density of larval Dorosoma spp. in Center HillReservoir, May-August 1978
different.significantly
same line were notunderscored by theat stations**Mean densities
level.at 0.05 probabilitysignificant* Statistically
5 142 3Station
Multiple Range Test**
6.4669TOTAL
0.9235Error
5.0*4.6324Interaction
Time-Station
15.7*14.504Stations
44.0*40.726Time
FSquareFreedomSource
MeanDegrees of
VarianceofAnalysis
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Figure 4. Mean lengths of larval Dorosoma. spp. (•), Lepomis spp. (*), and
Pomoxis spp.(•)collected from five sites in Center HillReservoir, May-
August 1978. Vertical lines indicate ranges of observed lengths.
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The presence of a significant time-station interaction indicated
that the degree to which sites differed in density varied over time. Thus,
to further examine variability among sample stations, one-way analyses of
variance and multiple range tests, using transformed data, were used for
each sample period. Significant differences in mean density between sites
were indicated during five of the seven sample periods (Table 2). In
Table 2, the arithmetic, rather than transformed mean numbers per 1000 m
are shown to permit easier interpretation of the results. These analyses
support the results of the overall analysis of variance by showing that
Stations 1 and 5 generally were ranked high in density while Stations 2
and 3 usually were the lowest.
For Lepomi s, the two-factor analysis of variance also showed
significant effects of time, station, and a time-station interaction on
mean density (Table 3). The ranking of stations by density was different
from that observed for Vohohoma. (Tables 1 and 3). Stations 2, 3, and 4
showed the highest mean density, while Stations 5 and 1 were lowest.
Analyses of variance of the transformed data indicated significant differences
between sites during only two of the five sample periods in which Lepom<c6
were collected (Table 4). In these two cases, extremely low or zero catches
at one station were primarily responsible for obtaining significant results.
This fact, in combination with the low catch rates after mid-July and a
significant time-station interaction indicate that the overall analysis of
variance did not properly reflect spatial variations in abundance throughout,
the sampling period and that the results should be interpreted with caution.
The two -factor analysis of variance for PomoXAA again showed
significant time, station, and time-station interaction effects (Table 5).
The ranking of stations by mean density was similar to that observed for
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Table 2. One-way analysis of variance and multiple range tests for density
of larval Dorosoma. spp. during each sample period in Center HillReservoir,
May-August 1978. All hypotheses were tested using transformed data, but
mean densities shown are the arithmetic averages (number per 1000 m ).
0.05 probability level.***Statistically significant at the
line were not significantly different.**Stations underscored by the same
denominator.
in the numerator and 5 d.f. in theequal among stations, with 4 d.f.
to test whether mean densities were* Indicates the F-value calculated
114000Mean Density
51432Station0.771-11August
377700Mean Density
51324Stations.3B***19-25July
942222110Mean Density
12345Stations.4l***8-12July
36210022160Mean Density
15432Station6.94***19-22June
944706694233172Mean Density
25143Station17.92***5-8June
656294144134134Mean Density
15432Station4.4221-26May
161735083280Mean Density
14532Station10.05***4-11May
Test**RangeMultiplep*PeriodSample
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Table 3. Two-factor analysis of variance and multiple range tests for
density of larval Lepomis spp. in Center Hill Reservoir, June-August 1978
different.significantly
underscored by the same line were notat stations**Mean densities
at the 0.05 probability level.significant* Statistically
4235 1Station
Multiple Range Test**
4.3949TOTAL
0.6225Error
4.7*2.8816Interaction
Time-Station
5.5*3.384Stations
56.8*35.024Time
_FSquareFreedomSource
MeanofDegrees i
of VarianceAnalysis
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Table 4. One-way analyses of variance and multiple range tests for density
of larval lepomis spp. during each sample period, June-August 1978. All
hypotheses were tested using transformed data, but mean densities shown are
the arithmetic averages (number per 1000 m ).
0.05 probability level.***Statistically significant at the
line were not significantly different.** Stations underscored by the same
denominator.
in the numerator and 5 d.f. in theequal among stations, with 4 d.f.
to test whether mean densities were* Indicates the F-value calculated
77400Mean Density
41235Station1.361-11August
2222141111Mean Density
42153Station0.5119-25July
15012272330Mean Density
32145Station72 .54***8-12July
394272228178116Mean Density
42315Station1.5619-22June
46142840616616Mean Density
34521Station15.15***5-8June
Test**RangeMultiplep*PeriodSample
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Table 5. Two-factor analysis of variance and multiple range tests for
density of larval Pomoxis &pp. in Center HillReservoir, May-July 1978
significantly different.
noti line were;underscored by the same**Mean densities at stations
level.at the 0.05 probability* Statistically significant
321 45Station
Multiple Range Test**
3.0659TOTAL
0.9430Error
3.7*3.4920Interaction
Time-Station
7.3*6.924Station
11.6*10.975Time
FSquareFreedom-.Source
MeanDegrees of
of VarianceAnalysis
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L&pomti), but for VomoxJLb , the mean density at Station 5 was significantly
lower than at all other sites. This resulted because PomoxAJ> were collected
at Station 5 during only one of six sample periods (Table 6) . Analyses of
variance within each sample period were significant only during the first
half of May, and catch rates were extremely low or zero after mid-June.
During late July, only two VomoxJJs specimens were captured at Station -2.
Thus, as with L&porruA, significant spatial variations in abundance of
VomoxJJ> were not consistently observed, and the results of the overall
analysis of variance probably are reflective only of the May and early
June samples.
DISCUSSION
Although the two-factor analyses of variance for Vohohoma,, LzponuA
and PomoXsU indicated significant differences in density between stations,
we believe that the results were conclusive only for Vo*tosom<l. The low
or zero catches of LzpomiA and Vomoxlk during several sample periods made
detection of significant differences difficult and caused the overall
analyses to be reflective only of sample periods in which catches were
highest. The results do suggest, however, that between-site variations
could exist throughout late spring and early summer and that future
sampling programs should account for this possibility. Since Le.pomU> and
VomoxJj) spawn in littoral regions and the larvae subsequently disperse into
the limnetic zone (Faber 1967, Werner 1967), higher catches than were
observed (hence, more precise density estimates) might be obtained by-
sampling nearer the shoreline.
The presence of significant time-station interactions for all species
groups indicated that the degree to which stations differed and/or the
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Table 6. One-way analyses of variance and multiple range tests for density
of larval Pomoxis spp. during each sample period in Center Hill Reservoir,
May-July 1978. Allhypotheses were tested using transformed data, but mean
densities shown are the arithmetic averages (number per 1000 m3).
0.05 probability level.***Statistically significant at the
line were not significantly different.** Stations underscored by the same
denominator.
in the numerator and 5 d.f. in theequal among stations, with 4 d.f.
to test whether mean densities were* Indicates the F-value calculated
_60000Mean Density
21345Station1.0019-25July
166000Mean Density
32145Station4.668-12July
28221600Mean Density
12345Station2.7219-22June
1006722116Mean Density
21435Station4.825-8June
624428110Mean Density
23415Station4.9921-26May
6711600Mean Density
43215Station10.21***4-11May
Test**RangeMultipleF*PeriodSample
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ranking of the stations by larval density were not considered throughout
the sampling period. Although average lengths and the synchrony of
catches for each group suggested that spawning times did not vary between
sample sites, it was possible that spatial variability in spawning times
and density of the species within each genus could have contributed to
the interactions. This also indicated that information for a particular
group (x.c. VoKobomti) may not have adequately represented each of the
component species (X.&., gizzard and threadfin shad). For example, since
gizzard shad spawn at cooler temperatures than threadfin shad (Kimsey
1958^ Miller 1960), data from the early sample periods may refer primarily
to gizzard shad while threadfin shad may have predominated in the later
collections.
Variations in mean density of each species group apparently were not
related to an upstream-downstream gradient within the reservoir. Voftohoma.
was most abundant at Station 1, which was the farthest upstream, and at
Station 5, which was nearest the dam, while L&pomiA and PomoxiA were most
abundant at the intermediate stations. Localized variations in spawning
stocks, water quality, or other environmental factors appear to have been
more important regulators of larval fish density than upstream distance
from the dam.
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VERTICAL DISTRIBUTION OF ICHTHYOPLANKTON IN UPPER NICKAJACK RESERVOIR,
TENNESSEE, WITH COMPARISON OF THREE SAMPLING METHODOLOGIES
Jack D. Tuberville
Fisheries Resources Branch
Division of Water Resources
Tennessee Valley Authority
Norris, Tennessee 37828
ABSTRACT
Vertical distribution of cliupeid and drum, Aplodinotus grunniens
larvae in upper Nickajack Reservoir was determined using a highly
sampling regime. Clupeid larvae showed a prefrence for surface waters,
especially during day. Most length groups of drum larvae were much more
abundant at 3 to 6 m than at other depths during day, but more abundant
in deeper waters a t night. Results were compared to those obtained by
Walker (1975) and TVA In 1977. Results wer generally similar for
clupeids, but the discrete- depth, sampling conducted by Walker (19 75)
appealed to be less efficient -In describing the distribution of drum
larvae than stratified oblique tempting.
INTRODUCTION
Ichthyoplankton sampling was conducted in upper Nickajack Reservoir
in 1973 and 1974 by Walker (1975) and in 1977 by TVA to determine the
distribution and abundance of ichthyoplankton during the preoperational
phase of the Raccoon Mountain Pumped Storage Project. In 1977, in addition
to TVA's standard sampling methods, limited but highly stratified sampling
was conducted during June and July with the objectives of : 1) identifying
trends in vertical distributions that could be masked by normal sampling
methods, and 2) relating these distributional trends to those described by
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Walker (1975) and the standard samples of 1977.
STUDY AREA.
Nickajack Reservoir is a mainstream reservoir on the Tennessee River
in eastern Tennessee. It is 86 km long with a surface area of 4,415
hectares. Surface elevation is controlled between 192.6 m (632 ft) and
193.2 m (634 ft) msl for navigational purposes. Allbut the lower third
of the reservoir is highly riverine in nature with little or no overbank.
In the study area (Figure 1), the reservoir is approximately 200 m wide
with a maximum depth of 30 m. Depth at the stratified sampling station
was a maximum of 18-20 m. The sampling station (TRM 445.4) is 32 km
(about 20 mi) downstream from Chickamauga Dam. Average discharge past the
site is approximately 950 m°/s (33,000 cfs) with a mean velocity of 30 cm/s
(about 1 ft/sec) . The river is well-mixed thermally and chemically
(TVA 1976).
METHODS
Stratified samples were taken at a transect at Tennessee River Mile
(TRM) 445.4. Samples were collected June 1, June 28, and July 27, 1977,
at mid-channel (Figure 2). Single samples were taken within each of six
3 m strata from surface to 18 m by towing a 0.5 m beam net (0.5 mm bar
mesh) obliquely through each stratum (Graser 1977) . Towing speed was
3
about 1.0 m/s and volume filtered per sample was approximately 150 m .
The standard sampling technique used in 1977 was similar except that sample
strata were fewer and the sampling frequency was biweekly from mid-March
through mid-September.
A mid-channel station and two shoreline stations were sampled by the
standard technique. The mid-channel station was the same station at which
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Figure
1.
Location
of
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Walker,
1975).
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Figure 2. Sampling schemes used by Walker (1975) and for stratified
and standard sampling in 1977.
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stratified samples were taken. Two strata within each station were sampled.
At the mid-channel station, 0 to 9 m and 9 to 18 m strata were sampled.
Shoreline sampling followed the 10 m depth contour (10 to 30 percent from
shore) with the 0 to 5 m and 5 to 10 m strata sampled along each shoreline.
In Walker's (1975) study, 0.5 m conical nets (0.8 mm mesh) were towe
at constant depths for 5 mm. Towing speed was approximately 0.6 m/s.
Five stations and up to four depths were sampled weekly May 6 to July 22,
1974.
Samples were collected both day and night with nets towed in an upstream
direction. Flowmeters mounted in the mouth of the nets were used to estimate
volumes filtered.
The 1977 samples were preserved immediately upon collection in 10
percent Formalin and returned to the laboratory for processing. Eggs and
larvae were identified to the lowest possible taxan using polarized
stereomicroscopy and the key of Hogue oX at, (1976) . All fish were
measured to the nearest 1 mm total length (TL). Densities were calculated
as number/ 1,000 m and were weighted by volume filtered. Only data from
mid-channel stations from each of the sampling regimes were compared.
RESULTS AND DISCUSSION
Because of the short period stratified sampling was conducted, only
a limited number of taxa were collected. Of these, clupeids and drum,
kptodlnotuA QtiunYiLdVUi, larvae constituted 87.9 percent of the catch and
were the only taxa used in the comparison of the various sampling
methodologies.
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Clupeid Larvae
Members of the family Clupeidae in Nickajack Reservoir are the
skipjack herring, Alosa chrysochloris; gizzard shad, Drosoma cepedianum;
and threadfin shad, V, petenense. Gizzard shad is the most abundant
clupeid in the reservoir while skipjack herring is the least abundant of
the three .
Clupeid larvae occurred from April 18 to August 22 in 1977 and were
present on all dates of stratified sampling. Larvae in stratified samples
ranged from 3 to 32 mm TL.
The pattern of clupeid distribution found in stratified samples
(Figure 3) was a strong surface orientation during the day tending toward
a uniform distribution at night. Mean densities for all strata combined
were 555 and 351 per 1,000 m for day and night samples, respectively.
However, abundance of larvae was higher at night for all except the 0 to
3 m stratum. The very high density of larvae in surface waters during
the day thus strongly influenced diel abundance estimates. Also, larvae
less than 10 mm were more abundant during day than at night while the
reverse was true for all larger larvae. Since the smaller larvae were
more abundant, their contribution to density estimates was greater. The
greater abundance of small larvae (less than 10 mm) during the day indicated
that they were more active in the water column during the day, but were not
able to effectively avoid the net. The greater abundance of larger larvae
(greater than 10 mm) at night could be due to reduced net avoidance and/or
diel movements into and out of channel areas.
Diel differences in abundance of clupeid larvae have been reported by
many authors. Netsch at at. (1971) reported highest densities at night
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Figure 3. Relative abundance of clupeid larvae by length group and mean
density by stratum for all clupeid larvae.
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in Beaver Reservoir, Arkansas, and hypothesized reduced net avoidance
at night as an explanation. Graser (in press) reported highest densities
on the surface at mid-channel during dusk in the Cumberland River,
Tennessee, and suggested "an active migration in response to the changing
light stimulus." Several factors can influence density estimates
(distribution, turbidity, temperature, size of larvae, gear type, and
sampling technique) ; the nature of such influences is not well understood.
Shad less than 5 mm did not show the strong surface orientation
displayed by the taxon as a group. Small larvae showed a trend toward
deeper waters during day with a relatively uniform distribution at night.
This is in conflict with the findings of Taber (1969) who found that small
shad larvae were more abundant near the surface during day and night.
However, he noted that small shad larvae were very weak swimmers. The
lotic conditions in upper Nickajack Reservoir may have disrupted movements
of these small larvae in Nickajack Reservoir.
The other length groups (6-10, 11-15, and greater than 16 mm TL)
selected surface waters during day. Nocturnal distributions of these length
groups were similar in that abundance was slightly higher toward surface.
However, they differed in the relative abundance that the night catch
contributed within each length group (Figure 3). The night contribution
increased with increasing larval length, while the day 0 to 3 m samples
decreased from 67 percent for 6 to 10 mm larvae to 27 percent for larvae
greater than 16 mm TL.
Greater relative abundance in night catches among the larger larvae
could be due to diurnal horizontal movements of the fish. Bodola (1966)
stated that young gizzard shad moved into deeper waters as they grew
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larger. Taber (1969) found that young shad were less abundant in
shoreline seine samples at night than during day and hypothesized an
offshore movement at night. Edwards oX at, (1977) found that shad 20 mm
and larger were most abundant in channel areas. Walker's (1975) data
suggest no such horizontal movements, but length class information was
not given.
Freshwater Drum
Drum larvae were present from April 18 to September 9 in 1977.
Larvae collected in stratified samples ranged from 3to 19 mm TL. Day/
7
night drum densities were 368 and 650 per 1,000 m3 , respectively. Net
avoidance during day may greatly influence abundance estimates. All sizes
of larvae were collected in greater numbers in night samples than in day
samples and differences were greatest for the larger larvae. Taber (1969)
also found higher densities of drum at night, especially those larger
than 5.0 mm TL.
Night distributions of drum larvae revealed steadily increasing
density with depth (Figure 4) . Day distribution showed a less precipitous
increase in density with depth. The most prominent feature for day
distributions was a sharp increase in density at the 3 to 6 in level.
Densities within this stratum were the highest of all day samples for each
sampling excursion. This pattern suggests a diurnal migration pattern
whose upward movement is essentially confined to waters below the 3 m level.
Drum egg distributions tended to be highest toward the bottom at night,
but were relatively uniform during day. Taber (1969) found a similar night
distribution in Lake Texoma, but drum eggs were nearer the surface during
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Figure 4. Relative abundance of freshwater drum, Aplodinotus grunniens ,
eggs and larvae by length group among strata and mean density by stratum
for all drum larvae.
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day. He proposed that drum spawning occurred at night in deep water and
the semibouyant eggs ascended to shallower waters during the day. Riverine
conditions in the upper reaches of Nickajack Reservoir could have disrupted
stratification of semibouyant eggs. Nelson et at. (1967), working on
Lewis and Clark Lake, collected drum eggs on the surface in calm water,
but found that wave action could churn them to a depth of 15 ft.
Larvae 11 to 15 mm TL were few, but tended to be in upper strata at
night and in deep strata during day. Diurnal migration was evidently
strong for this group.
Distribution Factors
The vertical distributions of clupeid and drum larvae were distinctly
different both day and night. During the day, shad larvae were concentrated
at the 0 to 3 m level and densities declined with depth. Drum larvae were
concentrated at the 3 to 6 m level during the day, and between 6 m and 18 m
densities increased with depth. Shad larvae were concentrating in shallow
waters at night while drum larvae increased in abundance with depth. These
distributional patterns tended to separate the two taxa in space and time.
Several factors could have incluenced the vertical distribution of
drum larvae. Thermal stratification has been shown by Netsch it at. (1971)
and Edwards et at. (1977) to limit vertical distribution of clupeid larvae,
but thermal stratification did not occur in the study area. It was unlikely
that hydraulic conditions concentrated drum larvae at the 3 to 6 m level
since this was not the case at night or for drum eggs at any time.
Swedberg and Walburg (1970) suggested that movements of juvenile drum
were associated with changing food habits in Lewis and Clark Lake,
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Missouri River. In order to determine if feeding patterns influenced
the vertical distribution of drum larvae in Nickajack Reservoir, visual
inspection of stomach and gut contents was made on all undamaged drum
larvae sufficiently developed to ingest food items. Individuals were
simply described as "food present" or "empty". Stomach and gut contents
of 2,092 drum larvae were recorded (Table 1). No clear pattern of feeding
with respect to depth of capture was found, but apparent differences in
diel feeding were noted. Of the larvae examined from day samples, 75.2
percent had food present while 36.6 percent of drum guts from night
samples had food present. However, an apparent shift occurred on successive
dates so that by the end of July, night feeding of drum had increased from
29.1 percent to 60 percent, while daytime feeding decreased from 79.3
percent to 52.9 percent during the same period.
The influence of feeding on vertical distributions is difficult
to evaluate. Clark and Pearson (in press) reported piscivory for very
small drum (3 to 5mm SL). They examined the guts of 3to5mm SL drum
from eight locations for four river systems and found piscivory by drum
at all but one location. Also, 2 7.3 percent of all 3 to 5 mm SL drum with
food in the gut contained larval fish. Less than 12 percent of the larvae
they examined had empty guts. A greater portion (48%) of empty guts was
observed in the present study; however, Clark and Pearson (in press)
dissected individual guts while only visual inspection of intact larvae
was made in this study. Food items found in larval drum from stratified
samples included cladocerans, copepods, Leptodora spp., and clupeid larvae
(one occurrence) . The distribution of young drum did not coincide with
that of small shad larvae and piscivory was rare, revealing that shad
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Table 1. Diurnal feeding of drum larvae from stratified sampling in
upper Nickajack Reservoir, 1977.
larvae were not an important prey item for drum during the summer of 1977.
Comparison of Sampling Methods
Clupeids: Densities from stratified samples and Walker's (1975) work
were similar, generally ranging between 100 and 600 per 1,000 m (Figure 5)
Densities of shad larvae estimated from standard samples were higher,
ranging from 500 to 1,500 per 1,000 m . Densities found in stratified
samples were lower than those from standard samples because stratified
samples were taken after most shad were spawned.
Differences between seasonal densities reported by Walker (1975)
and TVA's standard sampling methodology could be due to annual differences
in abundance. However, the slower sampling speed (0.6 m/s vs. 1.0 m/s)
used by Walker (1975) and the bridled net with smaller mouth area
2 2(0.196 m vs. 0.25 m ) probably resulted in underestimates of larval
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Figure 5. Diel distribution of clupeid larvae in upper Nickajack Reservoir
as estimated by three sampling methodologies.
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densities (Graser 1977) in his study.
Good agreement was found among distributions described by the three
sampling methodologies. Exceptions were that night densities from the
standard samples had slightly higher densities in the deep stratum than
in the shallow stratum, while the opposite was true for the other sampling
methodologies. Also, within the shallow stratum, night densities were
higher than day densities for standard sampling.
Drum: Densities of drum larvae in stratified samples were higher than for
other sampling methodologies (Figure 6) ,probably because stratified
samples were taken when drum larvae were most abundant. Lowest densities
were recorded by Walker (1975) .
Night distributions found in 1977 by both stratified and standard
sampling followed a similar pattern of increasing density with depth.
Walker (1975) showed a more uniform vertical distribution. While he
may have underestimated abundance because of limitations of gear type
and sampling technique, the good agreement found for the shad data
reveals that these limitations did not mask distributional patterns. It
therefore seems likely that the night distribution of drum larvae reported
by Walker (1975) was likely near the true distribution; -t.£., night drum
distributions in 1974 probably differed from those in 1977.
Day distribution of drum larvae as described by the three sampling
methods initially appeared to be different. Close inspection of the data
revealed that they were actually consistent. Stratified samples and
Walker's (1975) data show a gradual increase in density with depth.
However, the abrupt increase in abundance at the 3 to 6 m level, if present
in 1974, was not identified by the constant-depth sampling conducted that
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Figure 6. Diel distribution of freshwater drum, Aplodinotus grunniens ,
larvae in upper Nickajack Reservoir as estimated by three sampling
methodologies.
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year. Data from standard samples in 1977 appear to be the opposite of
those found by Walker (1975), ,highest densities in shallower waters
versus highest densities in deeper water. However, these standard samples,
taken in the shallow (0 to 9 m) stratum, were apparently strongly
influenced by the abundance of larvae at the 3 to 6 m level. Walker's
(1975) samples did not include any portion of that stratum.
Evaluation of Sampling Schemes
The discrete depth sampling method used by Walker (1975) and others
(Netsch <lt at. 1971, Edwards oX at, 1977 , Taber 1969) provides a maximum
of information for the depth the net is towed since the entire sample
comes from the selected stratum. Ifichthyop lank ton distribution is a
continuum from lowest to highest density, a few discrete depth samples
may yield a reasonable estimate of that distribution. The weakness of
discrete-depth sampling is the loss of vertical integration. Such
sampling may miss strata with high concentrations of larvae and thus
result in poor estimates of abundance and misinterpretations of
distributional patterns.
The standard sampling conducted on Nickajack Reservoir in 1977
utilized a vertically integrated sampling design with few strata. This
technique is useful for estimating abundance and requires a minimal
number of samples. Although the full water column is sampled, strata of
greatest abundance may not be identified.
A highly stratified design employing oblique sampling is the best
method of obtaining precise vertical distribution data while retaining the
advantages of full integration of the water column. Unfortunately, the
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highly stratified design requires more effort. Workers will have to
weigh the advantages against the cost for individual studies, but oblique
samples will almost always be preferable to an equal number of discrete-
depth samples.
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BURBOT - LARVAL EVIDENCE FOR MORE THAN ONE
NORTH AMERICAN SPECIES
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ABSTRACT
Historically, the burbot of Notrh America had been described as more
than one species , but by the letter part the 19th centrury all,
including the Eurasian burbo t, were generally reecognized a sone circumpolar
holarctic species. During the last decades, the burbot has been
considered by some authorities to exist as three subspecies Lota lota lota
In Eurasia, L. I.leptura in eastern Siberia and northwestern, North America,
and L' l. lacustris {= maculosa) in cenrtal and northwestern North America.However, the more recent literature suggests that recognition of these
subspecies may be unwarranted. Most systmatic work to date has been
restricted to adutt forms, but we have dramatic evidence based on burbot
larvae that, with further study, might lead to the recognition of more
than one species, or subspecies, but not corresponding to the afforementioned
subspecific designations. There appear to be two distinct larval forms.
One is well pigmented with melanophores even as a late embryo and appears
to be common to both Europe and North America. The other is without any
melanophore pigmentation during the protolarval phase, except for the eyes
and dorsal surface of the air bladder, and appears to be restricted to the
lower Great Lakes and their tributaties .
INTRODUCTION
Lota lota, commonly known as the burbot, ling, lush, lake lawyer,
metling, dogfish, eelpout, mother-of-eels, etc. , is the only freshwater
member of the Gadidae or cod family (Figure 1). Itis a circumpolar
holarctic species typically inhabiting the depths of lakes and cooler
rivers and streams. In North America it is found as far south as the
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Figure 1. Lota lota adult, 510 mm TL from Lake Opeonge, Ontario. Reproduced
from Scott and Crossman 1973, page 641.
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Missouri and Ohio River systems. The species can be characterized as a
relatively large, negatively phototropic, piscivorous carnivore. It is
valued by many, when caught during the winter or in cold waters, for its
firm, white, delicately flavored flesh (similar to lobster when boiled),
and for the exceptionally rich Vitamin A and D content of its liver oil.
(Baxter and Simon 1970, Clay 1975, Eddy and Underhill 1974, Hubbs and
Lagler 1958), Lindsey 1956, Lo-Chai 1969, McPhail and Lindsey 1970,
Moore 1917, Pflieger 1975, and Scott and Crossman 1973).
The burbot is most frequently reported to spawn at twilight or during
the night from January to mid-April in the shallows of lakes, usually
under ice, and to a lesser extent in streams. It is also suspected to
spawn in the depths of lakes. The fish have been observed to spawn as
individual pairs but more frequently in large, relatively dense, spawning
aggregations, and occasionally in a very compact "withering ball" of about
a dozen fish. During the spawning season large females may, based on
fecundity studies, scatter more than a million eggs over gravel or sand
substrates. The eggs are semibuoyant, clear with a large oil globule, and,
when water hardened, typically measure 0.9 to 1.3 mm in diameter, with a
with a reported range of 0.8 to 1.9 mm or more. Incubation requires about
four to six weeks at 6 to 2 C (Bailey 1972, Baxter and Simon 1970, Bjorn
1939, Breder and Rosen 1966, Cahn 1936, Fabricius 1954, Hewson 1955, Lo-Chai
1969, McCrimmon 1959, McPhail and Lindsey 1970, Miller 1970, Prince and
Halkett 1906, and Scott and Crossman 1973).
The young hatch as protolarvae (Snyder 1976) at about 3 to 4 mm
total length (TL) and transform to the mesolarval phase at about 8 to 9 mm
TL. Protolarvae and early mesolarvae are most readily identified by a
large myomere count of about 55 to 65, 14 to 21 of which are preanal, and
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a ventral finfold that continues unbroken below the vent region (Figures
2, 3, and 5). The earlier stages typically carry a large oil globule with
the yolk, while later stages exhibit pelvic buds below or anterior to the
pectoral fins and a bulky coil in the gut. Later mesolarvae, metalarvae
and juveniles can be easily distinguished by a single medium chin barbel,
a short first dorsal fin, long second dorsal and anal fins (over 60 rays
each) which extend onto the caudal peduncle, and a proterocercal
(diphycercal) caudal fin (Figure 4) .
Historically, the burbot has been described as more than one species.
LeSueur in 1817 described what he believed to be two species of burbot
from the Connecticut River in Massachusetts. These were similar to but
considered distinct from the European species. Additional descriptions
and species designations followed but in 1862 Gunther concluded that all,
including Old and New World forms, were indeed but one universal species.
Thereafter it was generally accepted that only one species inhabited
North America. But, since the American burbot differs in vertebra counts
and predorsal lengths, not all ichthyologists agreed that the burbot should
be considered one holarctic species. This difference of opinion was
sustained well into the 20th century (Fish 1930). In 1941, Hubbs and
Schultz, though recognizing one species, described and designated three
subspecies: Lota lota lota of Eurasia, L. I,leptura of northwestern North
America and eastern Siberia, and L. I.maculosa (L. I. lacustris ,Speirs
1952) of central and eastern North America. Lo-Chai (1969) agreed with the
designations. Differentiation was based on the shape of the caudal peduncle,
predorsal length, and various meristic values. However, since these
characters appear to be clinal with relatively broad areas of integradation,
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Berg (1949) and Pivnicka (1970) considered L. I. leptura as a form of
L. I. lota and Lindsey (1956), Lawler (1963), McPhail and Lindsey (1970),
and Scott and Crossman (1973) considered recognition of any subspecies
unwarranted without more intensive taxonomic study.
LARVAL EVIDENCE
Most systematic work to date has been restricted to the adult forms.
But we have dramatic evidence based on burbot eggs and larvae. that, with
further study, might lead again to the recognition of more than one species,
or at least subspecies, but not corresponding to the aforementioned
subspecific designations. Fish (1930) recognized and pointed out the
potential significance of this larval evidence, but the evidence seems
to have been ignored. She found that the melanophore pigmentation of the
eggs and larvae of the European burbot, as described by Sundevall (1855)
and Ehrenbaum (1911), differed markedly from that of the American form.
The late embryos and recently hatched proto larvae of the European burbot
were described and illustrated as having considerable pigmentation along
the dorsal surface of the head and body, over the dorsal surface of the
gut, and on the lateral and ventral surfaces in the stomach or yolk region
(Figure 2). Subsequent descriptions and illustrations of European
protolarvae and mesolarvae by Nordqvist (1915) and Kasansky (1928) were
similar but included additional pigmentation along the mid-ventral surface
posterior to the vent. In contrast to the European larvae, Fish (1929,
1930 and 1932) found burbot protolarvae from Lake Erie to be totally without
melanophore pigmentation except in the eyes and, in later protolarvae,
over the air bladder (Figure 3). The only additional melanophores on a
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Figure 2. Lota lota protolarva, smm TL from Europe. Reproduced from
Ehrenbaum 1909, Figure 98, page 2 74.
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Figure 3. Lota lota proto larva, 3.5 (A), 4.5 (B), 6.0 (C) , and 6.8 mm TL
(D) from Lake Erie. Reproduced from Fish 1932, Figures 138-141, pages
393 and 394.
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10.9 mm total length (TL) mesolarva were found on top of the head, followed
by barely discemable subsurface pigmentation over the anterior portion
of the notochord, and possibly continuing for its entire length (Figure 4) .
Melanophore pigmentation was considerable over the dorsal and lateral
surfaces of 14- and 19-mm TL specimens, but Fish neither described nor
illustrated pigmentation on the ventro-lateral and ventral surfaces.
The ventral surface of a 30.5-mm TL specimen remained "unmarked except
for a double series of about 20 chromatophores along the base of the anal
fin." Fish apparently assumed that the numerous Lake Erie specimens she
examined were representative of the early developmental stages of all
American burbot. This is not the case.
Other biologists working with larvae of the American burbot have
either ignored pigmentation or failed to note it in published form. Faber
(1967 and 1970) and Clady (1976) published on the distribution of burbot
larvae in Wisconsin Lakes, Lake Huron and Oneida Lake, respectively, but
neither described the larvae or mentioned pigmentation. Miller (1970)
noted that burbot larvae he collected in Wyoming were comparable to those
described by Fish from Lake Erie, but in a personal communication to me,
he related that he failed to mention pigmentation and that melanophore
distribution was similar to that illustrated in Figure 5. Grant Hagen
provided several photographs of burbot eggs and larvae in 1952 in an
unpublished report to the Wyoming Game and Fish Commission, "Ling hatching
experiment, Cokeville." All were pigmented in a manner similar to that
illustrated in Figure 5.
During the past few years, Ihave had an opportunity to examine cultered
burbot embryos and protolarvae from Wyoming and collected protolarvae and
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Figure 4. Lota lota mesolarvae, 10.9 (A) and 14 mm TL (B), and metalarva (?) ,
19 mm TL (C) from Lake Erie. Reproduced from Fish 1932, Figures 142-144,
pages 395 and 396.
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Figure 5. Lota lota protolarva, 4.7 mm TL from Mississippi River, Minnesota.
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mesolarvae from the Missouri River in North Dakota, Mississippi River in
Minnesota, Chippewa River in Wisconsin, Genessee River and Oneida Lake in
New York, and Lakes Superior, Michigan, Erie, and Ontario. Of these, only
a protolarva from the Lake Ontario tributary, the Genessee River, was of
the unpigmented form described by Fish. Allothers were pigmented with
most approximating the form of the upper Mississippi River protolarva
illustrated in Figure 5 and described for the European burbot by Nordqvist
(1915) and Kasansky (1928) . Some exhibited reduced pigmentation on the
ventral surface posterior to the vent, approaching the condition described
and illustrated by Ehrenbaum (1905) (Figure 2) . Pigmentation on recently
collected specimens from Lake Erie was generally reduced to a state somewhat
intermediate to the typical pigmented and unpigmented forms.
CONCLUSIONS
It appears that there are at least two distinct larval forms of
burbot. One form is well pigmented, even as a late embryo, and appears
to be common in Europe and North America (I have not yet seen larvae or
descriptions of burbot from northwestern North America or the Soviet Union) .
The other form remains essentially unpigmented until well into the
mesolarval phase and has been observed thus far only in Lake Erie and the
Genessee River (tributary to Lake Ontario) . Specimens recently collected
in Lake Erie are somewhat intermediate.
Do the two extreme forms represent distinct species or subspecies?
Are the recently collected "intermediate" specimens from Lake Erie a
variation of the unpigmented form described for the Lake Erie burbot by
Fish (1930)? Or do they represent hybridization between the two forms
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and/or the near loss of the unpigmented form? Is the unpigmented form,
apparently common throughout Lake Erie half a century ago, approaching
extinction due to man's activities, as is (or was) the case for the blue
pike Stizostedion vitreum glaucum)?
Or do we simply have one species which exhibits unprecedented
variation in embryonic and larval pigmentation? The larvae of the burbot's
many marine relatives are often distinguished by relatively subtle
differences in pigmentation (Hardy 1978) .
To answer the above questions, and others, it willbe necessary to
examine many more larvae from throughout North America, Europe, and
northern Asia, to study in detail other larval characters, and to try to
correlate differences in the larvae with differences in she adults.
Emphasis on the systematics of the burbot should focus immediately on
both the adults and larvae in the Great Lakes region of North America.
If there are two distinct genetic forms and one is restricted to the lower
Great Lakes, we may lose the latter form to man-caused extinction before
we know it exists.
ACKNOWLEDGEMENTS
Ithank Ken Mueller, Northern States Power; Don Miller and Chuck Viox,
Wyoming Fish and Game; Kathleen Hadley, BioSystems Research; John Dorr, Great
Lakes Research Institute; Lee Fuiman, Cornell University; Vince Kranz, NUS
Corporation; Steve Dennis, Stearns -Ruger; Ross Rasmussen, Texas Instruments;
George Kandler, Swanson Environmental; and Tony Pekovitch and Daniel Patulski,
Hazleton Environmental Sciences, for the loan or donation of study specimens
or comments on the pigmentation of specimens they have encountered.
216
Ialso thank Dr. Robert Behnke, Dr. Clarence Carlson, Edmund Wick and
Maryann Snyder, all of Colorado State University, for critically
reviewing the manuscript.
ADDENDUM
At the end of this paper is a special form entitled "Lota, tota,
burbot. Contributed notes on early developmental stages." Iam
maintaining a file of these "notes" on larvae from all locations.
Individuals who have collected burbot larvae and wish to contribute their
observations should make photocopies of the blank form and supply as much
of the requested information as possible. The sources of all information
used in publications will of course be duly acknowledged.
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LARVAL FISH WORKSHOP AGENDA
Western Kentucky University
Bowling Green, Kentucky
February 20-21, 1979
Tuesday, February 20, 1979
8:30 a.m.
Schneider Hall
--
Welcome Robert D. Hoyt
Western Kentucky University
Observationson the Larval Ecology of the Smallmouth Buffalo.
Robert D. Hoyt, Gary J. Overmann, and Greg A. Kindschi
Department of Biology
Western Kentucky University
Bowling Green, Kentucky 42101
Identification of Larval Sunfishes [C&yiPiaA(ikldae,:EZaAAorrU,d<ie.} from
Southern Louisiana.
John V. Conner
School of Forestry and Wildlife Management
Louisiana State University
Baton Rouge, Louisiana 70803
Myomere and Vertebra Counts of the. North American Cyprinids and Catostomids
Darrel E. Snyder
Larval Fish Laboratory
Department of Fishery and Wildlife Biology
Colorado State University
Fort Collins, Colorado 80523
10:00 a.m. Coffee Break
10:30 a.m.
Larval Development of the. Greenside Darter, Etheostoma blennioidesA nwemannii.
James M. Baker
Tennessee Valley Authority
F. F. § W. D.
Norris, Tennessee 37828
222
Materials a Description of Lake Chubsucker, Erimyzon sucetta , Larvae.
Lee A. Fuiman
Department of Biology
University of Mississippi
University, Mississippi 38677
development of the Young of the Creek Chub, Semotilus atrmaculatus
Vincent R. Kranz
NUS Corporation
North Central Operations
236 South Main Street
Stillwater, Minnesota 55082
Kenneth N. Mueller
Northern States Power Co.
Prairie Island Environmental
Laboratory
Welch, Minnesota 55089
Susan C. Douglas
215 Charles Street
Pittsburgh, Pennsylvania 15210
12:00 Lunch
1:15 p.m.
Spatio-Temporal Distribution of Clupeid Larvae in Barkley Reservoir.
Lee F. Graser
Tennessee Valley Authority
F. F. § W. D.
Norris, Tennessee 3782 8
Notes on the Larval Lfe History of Fishes in a Small Flood Control Lake,
in Kentucky
Greg A. Kindschi, Robert D. Hoyt, and Gary J. Overmann
Department of Biology
Western Kentucky University
Bowling Green, Kentucky 42101
Temporal and Spatial Variations in Abundance and Species Composition of
Larval Fishes in Center HillReservoir, Tennessee.
Richard A. Krause and Mike J. Van Den Avyle
Tennessee Cooperative Fishery Research Unit
Tennessee Technological University
Cookeville, Tennessee 38501
223
3:00 p.m Break
3:30 p.m
Vertical Distribution of Ichthyo plankton In Upper Nickajack Reservoir,
Tennessee.
Jack D. Tuberville
Tennessee Valley Authority
F. F. § W. D.
Norris, Tennessee 37828
Burbot - Larval Evidence for More Than One, North American Species.
Darrel E. Snyder
Larval Fish Laboratory
Department of Fishery and Wildlife Biology
Colorado State University
Fort Collins, Colorado 80523
{VQLMIUGPRESENTATIONS MOT INCLUDED IN PROCEEDINGS) !!!
Evaluation of Gear Used by Duke Power Company to Collect Ichthyop lankton
Donald Cloutman
Duke Power Company
Environmental Laboratories
Huntersville, North Carolina 28078
5:00 Evening Meal
7:30 p.m.
Ichthyoplankton Investigations in the Chesapeake Bay Region.
Joe Mihursky
Center for Environmental and Estuarine Studies
Chesapeake Biological Laboratory
Solomons, Maryland 20688
8:30 p.m.
Open Disscussion
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Wednesday, February 21, 1979
Schneider Hall
8:30 a.m.
Update, on First year's Activities of TVA's Regional Larval Fish
Identification and Incarnation Center.
Bob Wallus
Tennessee Valley Authority
F. F. § W. D.
Norris, Tennessee 37828
The. Establishment of the Laboratory for the Identification and Study
of North America's Freshwater Larval Fishes, Colorado State. University.
Darrel E. Snyder
Larval Fish Laboratory
Department of Fishery and Wildlife Biology
Colorado State University
Fort Collins, Colorado 80523
Fish Larvae Studies at the Great Lakes Research Division, University of
Michigan, 1973 through 1978 and the. Current Status of the Great Lakes
Regional Larvae Collection {GLRFLC).
John Dorr and David Jude
Great Lakes Research Division
University of Michigan
Institute of Science and Technology Building
Ann Arbor, Michigan 48105
10:00 a.m. Coffee Break
10:30 a.m.
Snell Hall
Laboratory Specimen Examination
12:00 Lunch
1:15 p.m.
Laboratory Specimen Examination
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CONFERENCE PARTICIPANTS
Aldridge, Edmund South Carolina Dept. Health 2600 Bull St.
§ Environmental Control Columbia, S. C.
29201
803-758-3944
Anjard, Charles Radiation Management Corp. P.O. Box 10
Muddy Run Ecological Lab Drumore, PA 17518
717-548-2121
Ashton, Diane Aquatic Ecology Associates 5100 Centre Aye.
Pittsburgh, PA 15201
Aver, Nancy G.L.R.D. 2200 Bonisteel Blvd.
Univ. of Michigan Ann Arbor, MI 48104
313-763-4730
Baker, James TVA F. F. § W. D.
Norris, TN 37828
615-632-4411
Barr, Ralph NUS Corp. 1910 Cochran Rd.
Pittsburgh, PA 15220
412-343-9200
Bergman, Skip 111. Nat. Hist. Surv. Rt. 1 Box 254-B
Wilmington, IL 60481
815-476-7236
Bosley, Tim LSU Forestry, Fisheries
and Wildlife
Baton Rouge, LA 70303
504-344-1944
Bowles, Rebecca VA Inst. Mar. Science Gloucester Pt., VA
23062
804-642-2111 Ext. 198
Brazo, Dan Michigan State Univ. S. Lakeshore Dr.
Ludington, MI 49431
616-345-6601
Buchanan, Johnny TVA F. F. § W. D.
Norris, TN 37828
615-632-4411
Burch, Orville WAPORA, Inc. 5700 Hillside Aye.
Cincinnati, OH 45233
513-941-6000
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Buynak, Gerard Ichthyo logical Assoc. , Inc. U.S. Rt. 11, RD 1
Berwick, PA 18603
717-542-2191
Chatry, Mark LSU Forestry, Fisheries
and Wildlife
Baton Rouge, LA 70303
504-344-1944
Clark, Byron WAPORA Inc. 5700 Hillside Aye.
Cincinnati, OH 45233
513-941-6000
Clement, Kurt 111. Nat. Hist. Surv. R.R. 1 Box 157
Sullivan, IL 61951
217-728-4498
Cloutman, Donald Duke Power Co. Rt. 4 Box 531
Huntersville, N.C.
28078
704-375-1381
Conner, John LSU Forestry, Fisheries
and Wildlife
Baton Rouge, LA 70303
504-344-1944
Daggett, Rollin Ecology Consultants, Inc. P.O. Box 2105
Ft. Collins, CO 80522
303-493-8878
Del Tito, Ben Western KY Univ. Dept. of Biology
Bowling Green, KY
42101
502-745-5481
Dorr, John Univ. of Michigan Great Lakes Research
Division
3114 Inst. Scie. £
Technology
Ann Arbor, MI 48109
313-764-2420
Drewry, George Univ. of Maryland Chesapeake Biol. Lab.
Box 38
Solomons, MD 20688
301-326-4281
Flanders, Bob Geo-Marine, Inc. 777 S. Central Exp.
Richardson, TX 75080
214-234-2722
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Fortner, Neil Western KY Univ. Dept. of Biology
Bowling Green, KY
42101
502-745-5481
Fuiman, Lee Univ. of Mississippi Dept. of Biology
University, MS 38677
601-232-7203
Fritzsche, Ron Univ. of Mississippi Dept. of Biology
University, MS 38677
601-232-7203
Gallagher, Robert LSU Forestry, Fisheries
and Wildlife
Baton Rouge, LA 70303
504-344-1944
Graham, Bob 111. Nat. Hist. Surv. Rt. 1 Box 254-B
Wilmington, IL 60481
815-476-7236
Graser, Lee TVA F. F. $ W. D.
Norris, TN 37828
615-494-7173
Gulvas , John Consumers Power Co. Jackson, MI 49201
517-788-1285
Gustafson, Scott MN Dept. Nat. Resources Div. Fish § Wildlife
Ecol. Serv. Sect.
658 Cedar St.
Box 25
St. Paul, MN 55155
612-296-0787
Hoyt, Robert Western KY Univ. Dept. of Biology
Bowling Green, KY
42101
502-745-5481
Heufelder, George Univ. of Michigan Great Lakes Research
Division
3114 Inst. Scie. $
Technology
Ann Arbor, MI 48109
313-764-2420
Hutton, Gary LSU Forestry, Fisheries
and Wildlife
Baton Rouge, LA 70303
504-344-1944
228
Hutton, Jeff 111. Nat. Hist. Surv. Rt. 1 Box 254-B
Wilmington, IL 60481
815-476-7236
Jacobs, Ken U.S. Fish § Wildlife Ser. Federal Bldg.
Bowling Green, KY
42101
502-843-4376
Jones, Jeffrey VEPCO - Env. Lab. P.O. Box 402
N. Anna Power St.
Mineral, VA 23117
703-894-5151 Ext. 323
Jude, David Univ. of Michigan Great Lakes Research
Division
3114 Inst. Scie. £
Technology
Ann Arbor, MI 48109
313-764-2420
Kandler, George Swanson Environmental, Inc. 3303 Paine Aye.
Sheboygan, WI 53081
414-458-0502
Kay, Larry TVA OSWHA
Muscle Shoals, AL
35660
205-383-4631
Kennedy, John Swanson Environmental, Inc. 3303 Paine Aye.
Sheboygan, WI 53081
414-458-0502
Kindschi, Greg Western KY Univ. Dept. of Biology
Bowling Green, KY
42101
502-745-5481
Krause, Richard TN Tech. Univ. TN Coop. Fish. Unit
Cookeville, TN 38501
615-528-4194
Laflin, B. D. KY Dept. Fish $ Wildlife Dept. of Biology
Resources Western KY Univ.
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502-842-3677
Lessard, J. A. VEPCO Env. Services
2400 Gray land Aye.
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Lowery, Donny TVA OSWHA
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Nawrocki, Sandra Texas Electric Co. P.O. Box 970
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Neumann, Jeanne Aquatic Ecol. Assoc. , Inc. 1612 W. Grandview Blvd
Eric, PA 16509
814-868-0996
Overmann, Gary Western Ky. Univ. Dept. of Biology
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42101
502-745-5481
Patulski, Dan Hazleton Env. Sciences 1500 Frontage Rd.
Northbrook, IL 60062
312-564-0700
Pearson, William Univ. of Louisville Water Resources Lab.
Louisville, KY 40208
502-588-6731
Pekovitch, Anthony Hazleton Env. Sciences 6720 Thompson Rd.
Syracuse, NY 13211
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Perry, William North Texas State Univ. Dept. of Biology
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Rasmussen, Ross Texas Instruments, Inc. Ecological Serv.""""
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Dallas, TX 75268
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Ratajczak, Teri Applied Biology 641-A DeKalb Ind. Way
Decatur, GA 30083
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Rhone, J. Patrick Ft. Calhoun Nuclear Fac. Unit #1, Env. Lab.
Omaha Pub. Power Dist
Ft. Calhoun, NE 68023
402-426-4011 Ext. 50
Robison, Allen Western KY Univ. Dept. of Biology
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42101
502-745-5481
Rogers, Gary Hazleton Env. Sciences 4010 NW 39th St.
Bldg. No. 1374
Lincoln, NE 68524
402-470-2411
Snyder, Darrel Colorado State Univ. Larval Fish Lab.
Ft. Collins, CO 80523
303-491-5830
Storck, Ted 111. Nat. Hist. Surv. R.R. 1, Box 157
Sullivan, IL 61951
217-728-4498
Stout, Gordon Univ. of Louisville Water Resources Lab.
Louisville, KY 40208
502-588-6731
Swink, Bill U.S. Fish § Wildlife Ser. Federal Bldg.
Bowling Green, KY
42101
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Thurber, Nancy Univ. of Michigan Great Lakes Research
Division
3114 Inst. Scie. $
Technology
Ann Arbor, MI 48109
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Tuberville, Jack TVA F-. F. § W. D.
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Van Den Avyle, Mike TN Tech. Univ. TN Coop. Fish. Unit
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Wallus, Robert TVA F. F. $ W. D.
Norris, TN 37828
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Webb, Dennis Western KY Univ. Dept. of Biology
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Wight, Harry IL Dept. of Conservation Hazlet St. Pk.
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Wilson, Bobby TN Tech. Univ. TN Coop. Fish. Unit
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